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NE reaſon for the preſent outta; 
tion has been the favourable recep- 
tion of thoſe of my Obſervations on dif- 
ferent kinds of air, which were publiſhed 
in the Philoſophical Tranſactions for the 
year 1772, and the demand for them by 
perſons who did not chuſe, for the ſake of 
thoſe papers only, to purchaſe the whole 
volume in which they were contained. 
Another motive was the large additions to 
my obſervations on this ſubject, in con- 
ſequence of which my papers grew too 
large for ſuch a publication as the Philo- 
ſopbical Tranſattions. | 


- Contrary, therefore, to my intention, 
expirntics Philoſophical Tranſactions, vol. 
64, p. 9o, but with the approbation of the 
Preſident, and of my friends in the ſo- 

| a 3 . ciety, 
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ciety, I have determined to ſend. es 
more papers for the preſent on this ſub- 
| je&, but to make a ſeparate and imme- 
diate publication of all that I have done 


with reſpect to it. 


Belidis;contidierin g the attention which, 
Jam informed, is now given to this ſub- 
ject by philoſophers in all parts of Eu- 
rope, and the rapid progreſs that has al- 
ready been made, and may be expected to 
be made in this branch of knowledge, all 
unneceſſary. delays in the publication of 
experiments relating to it are peculiarly 
unjuſtifiable. 


When, for the ſake of a little more re- 
putation, men can keep brooding over a 
new fact, in the diſcovery of which they 
might, poſſibly, have very little real merit, 
till they think they can aſtoniſſi the world 
with a ſyſtem as complete as it is new, and 
give mankind a prodigious idea of their 
judgment and penetration; they are juſtly 
. puniſhed for their ingratitude to the foun- 
- of all knowledge, and for their want 
of a genuine love of ſcience and of man- 
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kind, in finding their boaſted diſcoveries 
anticipated, and the field of honeſt fame 
pre- occupied, by men, who, from a na- 
tural ardour of mind engage in philoſo- 
phical purſuits, and with an ingenuous 
ſimplicity immediately communicate to 
others whatever occurs to them in their 
inquiries. 


As to myſelf, I find it abſolutely im- 
poſlible to produce a work on this ſubject 
that ſhall be any thing like complete. My 
firſt publication I acknowledged to be very 
imperfect, and the preſent, I am as ready 
to acknowledge, is ſtill more ſo. But, 
paradoxical as it may ſeem, this will ever 
be the caſe in the progreſs of natural 
ſcience, ſo long as the works of God are; = 

like himſelf, infinite and inexhauſtible. 

In completing one diſcovery, we never 
fall to get an imperfect knowledge of 
others, of which we could have no idea 
before; ſo that we cannot ſolve one doubt 
without creating ſeveral new ones. 


Travelling on this ground reſembles 
Pope's deſcription of travelling among 
we the 
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the Alps, with this difference, that here 
there is not only a ſucceſſion, but an increaſe - 
* new objects and new — 2 


' 


| So pleas' at firſt the tow” ring Alps we try, | 
Mount o'er the vales, and ſeem to tread the * 
Th' eternal ſnows appear already paſt, 

And the firſt clouds and mountains ſeem the laſt, 
But thoſe attain'd, we tremble to ſurvey 
The growing labours of the lengthen'd way. 

Th' increaſing proſpect tires our wand'ring eyes, 
Hills peep o'er Ml. and Alps on Alps ariſe. 

| Es8AY ON CRITICISM» 
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Newton, as he had very little know- 
ledge of air, ſo he had few doubts con- 
cerning it. Had Dr. Hales, after his va- 
rious and valuable inveſtigations, given a 
liſt of all his d rata, I am confident 
43 that he would not have thought of one in 
= ten that had occurred to me at the time 
of my laft publication ; and my doubts, 
queries, and hints for new experiments 
are very conſiderably increaſed, after a 
ſeries of inveſtigations, which have thrown 
great light upon many things of which 


I was not able to give any explanation 
before. 


— oe — — 
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I would obſerve farther, that a perſon 
who means to ſerve the cauſe of ſcience 
effectually, muſt hazard his own reputa« 
tion fo far as to riſk even makes in things 
of leſs moment. Among a multiplicity 
of new objects, and new relations, ſome 
will neceſſarily paſs without ſufficient at- 
tention ; but if a man be not miſtaken in 
the principal objects of his purſuits, he 
has no occaſion to diſtreſs himſelf about 
leſſer things. 


In the progreſs of his inquiries he will 
generally be able to rectify his own miſ- 
takes ; or if little and envious ſouls ſhould 
take a malignant , pleaſure in detecting 
them for him, and endeavouring to expoſe 
him, he is not worthy of the name of a 

philoſopher, if he has not ſtrength of mind 
ſufficient to enable him not to be diſturb- 
ed at it. He who does not fooliſhly affect 
to be above'the failings of humanity, will 
not be mortified when it is proved that he 


is but a man. 
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In this work, as well as in all my other 


A writings, I have made it A 
rule 
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role not to conceal the real views with 
which I have made experiments; becauſe 
though; by following a contrary maxim, 
Emight have acquired a character of great- 
er fagacity, I think that two very good 
ends are anſwered by the miethod that I 
have adopted. For it both tends to make a 
narrative of a courſe of experiments more 
intereſting; and likewiſe encourages other 
adventurers in experimental philoſophy ; 
ſhewing them that, by purſuing even falſe 
lights, real and important truths may be 
diſcovered, and that in ſeeking one thing 
we often find another. 


In ſome reſpects, indeed, this method 
makes the narrative langer, but it is by 
making it leſs tedious; and in other re- 
ſpects I have written much more conciſely 
thin is uſual with thoſe who publiſh ac- 
counts of their experiments. In this trea- 
tiſe the reader will often find the reſult of 
long ptocefſes expreſſed in à fe lines, and 
of many ſuch in a ſingle paragraph; 
each of which, if I had, with the uſual 
parude, deſcribed it at large (explaining 


firſt the ad , then reciting the ex- 
| periment 
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periment itſelf, with the re/ult of it, and 
laſtly making ſuitable reflexiont would 
have made as many ſections or chapters; 
and have ſwelled my book to a pompous 
and reſpeQable ſize. But I have the pleas 
| ſure to think that thoſe philoſophers who - 
have but little time to ſpare for reatling; - 
which is always the caſe with thoſe who 
do much themſelves, will thank me for 
not keeping them too long from their 
own purſuits; and that they will find ra- 
ther more in the volume, than the appear- 
ance of it promiſes. | 


I do not think it at all degrading to 
the buſineſs of experimental philoſophy, 
to compare it, as I often do, to the diver- 
fion of Hunting, where it ſometimes hap- 
pens that thoſe who have beat the ground 
the moſt, and are conſequently the beſt 
acquainted with it, weary themſelves 
without ſtarting any game; when it may 
fall in the Way of a mere paſſenger ; fo 
that there is but little room for boaſting 
in the moſt ſucceſsful termihation of the 

ehzee. - 


The 
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1 The 'beſt founded praiſe is that which 
is due to the man, who, from a ſupreme 
veneration for the God of nature, takes 
pleaſure in contemplating. his works, 
and from a love of his fellow rea- 
tures, as the offspring of the ſame 
all-wiſe and benevolent parent, with 
a grateful ſenſe and perfect enjoyment 
of the means of happineſs of which 
he is already poſſeſſed, ſeeks, with ear- 
neſtneſs,' but without murmuring or 
impatience, that greater command of the 
powers of nature, which can only be 
obtained by a more extenſive and more 
accurate #now/ledge of them; and which 
alone can enable us to avail ourſelves 
of the numerous advantages with which 
we are ſurrounded, and contribute to 
make our common fituation more ſe- 
cure and happy. 


. Beſides, the man who believes that there 
is a governor as well as a maker of the 
world (and there is certainly equal reaſon 
to believe both) will acknowledge his 


providence and favour. at leaſt as much 
in 
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in a ſucceſsful purſuit of knowledge, as of 
wealth ; which is a ſentiment that intirely 
cuts off all boaſting with reſpe& to our- 
ſelves, and all envy and jealouſy with re- 
ſpect to others; and diſpoſes us mutu- 
ally to rejoice. in every new light that we 
receive, through whoſe hands ſoever it be 
conveyed to us. a 


I ſhall oP for an enthuſiaſt with We 
but I am perfectly eaſy under the imputa- 
tion, becauſe I am happy in thoſe views 
- which ſubject me to it ; but conſidering | 
the amazing improvements in natural - 
knowledge which have been made with- 
in the laſt century, and the many ages, 
abounding with men who had no other 
object but ſtudy, in which, however, no- 
thing of this kind was done, there ap- 
pears to me to be a very particular pro- 
vidence in the concurrence of thoſe cir- 
cumſtances which haye produced ſo great 
a change; and I cannot help flattering 
myſelf that this will be inſtrumental in 
bringing about other changes in the ſtate 
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of the world, of much more conſequence 
to the improvement and Wppines of it. 


This rapid progreſs of knowledge, 
which, like the progreſs of a wave of 
the ſea, of ſound, or of light from the 
ſun, extends itſelf not this way or that 
way only, but in all directions, will, I 
doubt not, be the means, under God, 
of extirpating a error and prejudice, 
and of putting an end to all undue and 
uſurped authority i in the buſineſs of re- 
Aion, as well as of ſcience ; and all the 
effort of the intereſted friends of cor- 
rupt eſtabliſhments of all kinds will be 
ineffectual for their ſupport in this en- 
lightened age; though. by retarding their 
doynfal, they may make the final ruin 

of them more complete and glorious. It 
was ill policy in Leo the Xth to patro- 
nize polite literature, He was cheriſh- 
ing an enemy in diſguiſe. And the Eng- 
liſh hierarchy (if there be any thing un- 
found in its conſtitution) has equal 
reaſon to. tremble eyen at an air- pump, 


or an electrical machine. 
There 
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There certainly never Was any period 
in which natural knowledge made ſuch 
a progreſs as it has done of late years, 
and eſpecially in this country; and they 
who affect to ſpeak with ſupercilious con- 
tempt of the publications of the pre- 
ſent age in general, or of the Royal BY 
ciety. in particular, are only thoſe who 
are themſelves engaged in the moſt tri 
fling of all literary purſuits, who axe 
unacquainted with all real ſcience, and 
are ignorant of the progreſs and Aug 
ſent ſtate of it *. 8 


It is true that the rich and the great 

in this country give leſs attention to 

theſe ſubjects. than, I believe, they yere 
ever known to do, fince the time of Tx 

Lord Bacon, and much leſs than men 

of rank and fortune in other countries 

give to them. But with us this loſs is 


_ ® See Sir John Pringle's Diſcourſe on the different kinds 
of air, p. 29, which, if it became me to do it, I 
would recommend to the reader, as containing a juſt 
and elegant account of the ſeveral diſcoveries that 


have been ſucceſſively 1 rltin to 9 of this 


| treatiſe, | 
made 
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| made up by 1 men of leiſure, ſpirit, and 


ingenuity, in the middle ranks of life, 
which is a circumſtance that promiſes 
better for the continuance of this pro- 
greſs in uſeful knowledge than any no- 


ble or royal patronage. With us, alſo, 


politics chiefly engage the attention of 


thoſe who ſtand foremoſt in the commu- 


nity, which, indeed, ariſes from the Free- 
dom and peculiar excellence of our conſti- 
tution, without which even the ſpirit of 
men of letters in- general, and of philo- 


. ſophers in particular, who never directly 


interfere 1 in matters of government, GG —_ 


Jan guiſh. 


f | 1 is LS 0 be regretted, however, 
0 that, in ſuch a number of nobility and 


C 


gentry, ſo very few ſhould have any taſte 
for ſcientifical purſuits, becauſe, for many 
valuable purpoſes of ſcience, wealth gives 
a decifive advantage. If extenſive and 
laſtipg fame be at all an object, literary, 
and eſpecially ſcientifical purſuits, are 
: preferable to political ones in a variety 
of reſpects. The former are as much 
more fayourable for the diſplay of the 


— ; human. 
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human faculties than the latter, as the 
Altem of nature is ſuperior to any political 


4 — N70 earth. 


11 endes uſe efulnefo be the object, 
e has the ſame advantage over poli- 
ties. The greateſt ſucceſs in the latter 
ſeldom extends farther than one par- 
ticular country, and one particular age; 
whereas a fucceſsful purſuit of ſcience 
makes a man the benefactor of all man- 
kind, and of every age. How trifling 
is the fame of any ſtateſman that this 
country has ever produced to that of 
Lord Bacon, of Newton, or of Boyle; 
and how much greater are our obliga- 
tions to ſuch men as theſe, than to any 
other in the whole Biographia Britannica; 
and every country, in which ſcience has 
fouriſhed, can furniſh inſtances for ſimi- 
lar, obſervations. 


Here my reader will thank me, and 
the writer will, I hope, forgive me, if I 
quote a paſſage from the poſtſcript of a 
letter which I happen to have Juſt re- 
ceived from that excellent, and in my 

| b opinion, 
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opinion, not too enthuſiaſtical philoſo- 
pher, father Beccaria of Turin. 


Mi piace che il mondo politico, ch pur 
tanto paſſeggero, rubbi il grande Franklin 
al mondo della natura, che non ſa ne cam- 
biare, ne mancare. In Engliſn. Iam 
« ſorry that the political world, which is 
*ofo very tranſitory, ſhould take the 

„great Franklin from the world of 


nature, which can never chan ge, or 


2 8 4 


101 own it is with peculiar pleaſure that 
J quote this paſſage, reſpecting this truly 
great man, at a time when ſome of the 
infatuated politicians of this country are 
vainly thinking to build their wretched 
and deſtructive projects, on the ruins of 
his eſtabliſhed reputation ; a reputation 
as extenſive as the ſpread of ſcience it- 
ſelf, and of which it is ſaying very lit- 
tle indeed, to pronounce that it will laſt 
and flovriſh when the names of uit his 
enemies ſhall be nn. 


J think 
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I think it proper, upon this occaſion, 
to inform my friends, and the public, 
that I have, for the preſent, ſuſpended 
my deſign of writing the hiſtory and pre- 
ſent ſtate of all the branches of experi- 
mental philoſophy. This has ariſen not 
from any diſlike of the undertaking, butz 
in truth, becauſe I ſee no proſpect of be- 
ing reaſonably indemnified for ſo much 
labour and expence, notwithſtanding the 
ſpecimens I. have already given of that 
work (in the hi/tory of electricity, and of 
the diſcoveries relating to viſion, hight, 
and colours) have met with a much 
more favourable reception from the 
beſt judges both' at home and abroad, 
than I expected. Immortality, if I: 
ſhould have any view to it, is not 
the proper price of ſuch works as 
theſe. 


I propoſe, however, having given ſo. 
much attention to the ſubje& of air, to 


write, at my leiſure, the hiſtory and 
b 2 preſent 
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preſent ſtate of diſcoveries relating to it; 


in which caſe J ſhall, as a part of it, re- 
print this work, with ſuch improvements 


as ſhall have occurred to me at that time; 


and I give this notice of it, that no per- 
ſon who intends to purchaſe it may have 
reaſon (being thus appriſed of my inten- 


tion) to complain of buying the ſame 


thing twice. If any perſon chuſe it; he 
may faye his five or fix ſhillings for the 
preſent, and wait five or ſix years longer 
(if I ſhould live fo long) for the op- 
portunity of buying the ſame thing, pro- 
bably much enlarged, and at the ſame 
time a complete account of all that has 


been done by others relating to this ſub- 


jet. © 


Though, for the plain, and I hope fa- 
tis factory reaſon above mentioned, I ſhall 
probably write no other 4:/forzes of this 
kind, I ſhall, as opportunity ſerves, en- 
deavour to provide materials for ſuch hiſ- 
tories, by continuing my experiments, 


keeping my eyes open to ſuch new appear- 


ances as may preſent themſelves, inveſti- 
gating them as far as I ſhall be able, and 
never 
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never failing to communicate to the pub- 
lic, by ſome channel or other, the renee 
of my obſervations. | 


In the publication of this work I have 
thought that it would be agreeable to my 
readers to preſerve, in ſome meaſure,” the 
order of hiſtory, and therefore I have not 
thrown together all that I have obſerved 
with reſpect to each kind of air, but have 
divided the work into 7wo parts; the for- 
mer containing what was publiſhed be- 
fore, in the Philoſophical Tranſactions, 
with ſuch obſervations and corrections as 
ſubſequent experience has ſuggeſted to me; 
and I have reſerved for the latter part of 
the work an account of the experiments 
which I have made fince that publication, 
and after a pretty long interruption in 
my philoſophical purſuits, in the courſe 
of the laſt ſummer. Beſides I am ſenſible 
that in the latter part of this work a dif- 
ferent arrangement of the ſubjects will be 
more convenient, for their mutual illuſ- 
tration, = 


8- Some 
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Some perſons object to the term air, as 
applied to acid, _ and even nitrous 
air; but it is certainly very. convenient 
to have a common term by which to de- 
note things which have ſo many common 
properties, and thoſe ſo very ſtriking ; all 
of. them agreeing with the air in which 
we breathe, and with frxed air in elaſticity, 
and. tranſparency, and in being alike. af- 
fected by heat or cold; ſo that to the eye 
they appear to have no difference at all. 
With much more reaſon, as it appears to 
me, might a perſon object to the common 
term metal, as applied to things ſo very 
different from one another as gold, quick - 
ſilver, and lead. 


Beſides, acid and alkaline air do not 
differ from common air (in any reſpect 
that can countenance an objection to their 
having a common appellation) except in 
ſuch properties as are common to it with 
fixed air, though in a different degree; 
viz. that of being imbibed by water. But, 
indeed, all kinds of air, common air it- 
ſelf not excepted, are capable of being 
imbibed by water in ſome degree. 
Some 
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Some may think the terms acid and al- 
kaline vapour more proper than acid and 
alkaline air. But the term vapour having 
always been applied to elaſtic matters ca- 
pable of being condenſed in the tempera- 
ture of the, atmoſphere, / eſpecially the 
vapour of water, it ſeems harſh to apply 
it to any elaſtic ſubſtance, which at the 
ſame time that it is as tranſparent as the 
air we breathe, is no more affected by cold 
than it is. | 


Ass my former papers were immediately 
tranſlated into ſeveral foreign languages, 
I may preſume that this treatiſe, having 
a better title to it, will be tranſlated alſo ; 
and, upon this preſumption, I cannot help 
expreſſing a wiſh, that it may be done by 
perſons who have a competent know- 
ledge of the ſubject, as well as of the Eng- 
liſh language. The miſtakes made by ſome 
foreigners, haye induced me to give this 
caution. 


London, Eb. 3 
1774. 
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"i E weights mandioned.in e onen 

of this treatiſe are Troy, and what 

is called an ounce meaſure air, ĩs the 
ſpace occupied by an ounce weight of 
water, which is equal to 485 grains, and 
IS, therefore, almoſt two cubic inches of 
water; for one cubic inch weighs 2 54 


grains, | 
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A general view of PRECEDING DISCOVERIES 
relating to air. 


OR the better underſtanding of the ex- 
periments and obſervations on different 
kinds of air contained in this treatiſe, it will be 
uſeful to thoſe who are not acquainted with the 
hiſtory of this branch of natural philoſophy, 
to be informed of thoſe facts which had been 
diſcovered by others, before I turned my 
thoughts to the ſubje&t; which ſuggeſted, 

and by the help of which I was enabled to 
purſue, my enquiries. Let it be obſerved, 
however, that I do not profeſs to recite in this 
place a/l that had been diſcovered concerning 
air, but only thoſe diſcoveries the knowledge 
of which is neceſſary, in order to underſtand 
what I have done myſelf; ſo that any perſon 
who is only acquainted with the general prin- 
B ciples 
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ciples of natural philoſophy, may be able to 
read this treatiſe, and, with proper attention, 
to underſtand every part of it. 


That the air which conſtitutes the atmo- 
ſphere in which we live has weight, and that 
it is elaſtic, or conſiſts of a compreſſible and 
dilatable fluid, were ſome of the earlieſt diſ- 
coveries that were made after the dawning of 
philoſophy in this weſtern part of the world. 


That elaſtic fluids, differing eſſentially 
from the air of the atmoſphere, but agreeing 
with it in the properties of weight, elaſticity, 
and tranſparency, might be generated from 
ſolid ſubſtances, was diſcovered by Mr. Boyle, 
though two remarkable kinds of factitious air, 
at leaſt the effects of them, had been known 
long before to all miners. One of theſe is 
heavier than common air. It lies at the bottom 
ol pits, extinguiſhes candles, and kills animals 
that breathe it, on which account it had ob- 
tained the name of the choke damp. The other 
is lighter than common air, taking its place 

near the roofs of ſubterraneous places, and be- 
cauſe it is liable to take fire, and explode, like 
gunpowder, it had been called the fire damp. 
The word damp ſignifies vapour or exhalation 


in the German and Saxon language. 


Though 
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Though the former of theſe kinds of air 
had been known to be noxious, the latter I be- 
lieve had not been diſcovered to be ſo, hav- 
ing always been found, in its natural ſtate, fo 
much diluted with common air, as to be 
breathed with ſafety. Air of the former kind, 
beſides having been diſcovered in various ca- 
verns, particularly the grotta del Cane in Italy, 
had alſo been obſerved on the ſurface of fer- 
menting liquors, and had been called gas 
(which is the ſame with geiſt, or ſpirit) by Van 
Helmont, and other German chymiſts; but 
afterwards it obtained the name of fixed air, 
eſpecially after it had been diſcovered by Dr. 
Black of Edinburgh to exiſt, in a fixed ſtate, 

in alkaline ſalts, chalk, and other calcareous 


ſubſtances. 


This excellent philoſopher diſcovered that it 
is the preſence of the fixed air in theſe ſub- 
ſtances that renders them mild, and that when 
they are deprived of it, by the force of fire, or 
any other proceſs, - they are in that ſtate which 
had been called cauſtic, from their corroding 
or burning animal and vegetable ſubſtances, 


Fixed air had been diſcovered by Dr. 
Macbride of Dublin, after an obſervation of 
Sir John Pringle's, which led to it, to be in a 


conſiderable degree antiſeptic ; and ſince it is 
B 2 extracted 
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extracted in great plenty from fermenting ve- 
getables, he had recommended the uſe of wor? 


{that is an infuſion of malt in water) as what 
would probably give relief in the ſea- ſcurvy, 
which is ſaid to be a putrid diſeaſe. 

Dr. Brownrigg had alſo diſcovered that the 
ſame ſpecies of air is contained in great quanti- 
ties in the water of the Pyrmont ſpring at Spa 
in Germany, and in other mineral waters, which 
have what is called an acidulous taſte, and that 
their peculiar flavour, briſkneſs, and medicinal | 
virtues, are derived from this ingredient. 


Dr. Hales, without ſeeming to imagine that 
there was any material difference between 
theſe kinds of air and common air, obſerved 
that certain ſubſtances and operations generate 
air, and others ab/orb it; imagining that the 
diminution of air was ſimply a taking away 
from the common maſs, without any alteration 
in the properties of what remained. His ex- 
periments, however, are ſo numerous, and va- 
rious, that they are juſtly eſteemed to be the 
ſolid foundation of all our knowledge of this 
ſubject. 
oe | 

Mr. Cavendiſh had exactly aſcertained the 

ſpecific gravities of fixed and inflammable air, 


ſhewing the former of them to be 11 heavier 


than 


4 
0 
* 
; 
* 
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than common air, and the latter ten times 


lighter. He alſo ſnewed that water would im- 
bibe more than its own bulk of fixed air. 


Laſtly, Mr. Lane diſcovered that water thus 
impregnated with fixed air will diſſolve a con- 
ſiderable quantity of iron, and thereby become 


a ſtrong chalybeate. 


Theſe, I would obſerve, are by no means all 
the diſcoveries concerning air that have been 
made by the gentlemen whoſe names 1 have 
mentioned, and ſtill leſs are they all that have 
been made by others ; but they compriſe all 
the previous knowledge of this ſubject that is 
neceſſary to the underſtanding of this treatiſe ; 
except a few particulars, which will be men- 
tioned in the courſe. of the work, and which 
it 15, therefore, unneceſſary to recite in this 
.. een 7 
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SECTION IT. 


An account of the ApPARATUS with which the 
following experiments were made. 


Ather than deſcribe at large the manner in 

which every particular experiment that I 
ſhall have occaſion to recite was made, which 
would both be very tedious, and require an un- 
neceflary multiplicity of drawings, I think it 
more adviſeable to give, at one view, an ac- 
count of all my apparatus and inſtruments, 
or at leaſt of every thing that can require a 
deſcription, and of all the different operations 
and pracelſes 1 in which 1 LN theme | ! 


It will be ſeen that my apparatus for experi- 
ments on air is, in fact, nothing more than the 
apparatus of Dr. Hales, Dr. Brownrigg, and 
Mr. Cavendiſh, diverſified, and made a little 
more ſimple. Vet notwithſtanding the ſimpli- 
city of this apparatus, and the eaſe with 
| which all the operations are conducted, I would 
not have any perſon, who is altogether without 
experience, to imagine that he ſhall be able to 
ſele& any of the following experiments, and 
immediately 55 it without difficulty or 

dlunder- 
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blundering. It is known to all perſons who 
are converſant in experimental philoſophy, that 
there are many little attentions and precautions 

neceſſary to be obſerved in the conducting of 
experiments, which cannot well be deſcribed in 
words, but which it is needleſs to deſcribe, 
ſince practice will neceſſarily ſuggeſt them ; 
though, like all other arts in which the hands 
and fingers are made uſe of, it is only nuch 
practice that can enable a perſon to go through 
complex experiments, of this or any other kind, 
with eaſe and readineſs. 


* For experimenty in which'alr'will baum mobe | 
confined by water, I firſt uſed an oblong trough 
made of earthen ware, as à fig. 1. about eight 
inches deep, at one end of which I put thin 
flat tones, b. h. about an inch, or half an inch, 
under the water, uſing more or fewer of them 
according to the quantity of water in the trough. 
But I have ſince found it more convenient to 
uſe a larger wooden trough, of the ſame gene- 
ral ſhape, eleven inches deep, two feet long, 
and 12 wide, with a ſhelf about an inch lower 
than the top, inſtead of the flat ſtones above- 
mentioned. This trough being larger than the 
former, I have no occaſion to make proviſion 

for the water being higher or lower, the Bulk 
of a jar or two not making ſo great a differ- 


ence as it did before. 
B 4 The 
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The ſeveral kinds of air I uſually keep-in 
cylindrical jars, as c, c, fig. 1, about ten inches 
long, and 21 wide, being ſuch as I have ge- 
nerally uſed for electrical batteries; but I have 
likewiſe veſſels of very different forms and 
ſizes, adapted to particular experiments. 


When I want to remove veſſels of air from 
the large trough, I place them in pots or diſbes, 
of various ſizes, to hold more or leſs water, 
according to the time that I have occaſion to 
keep the air, as fig 2, theſe ] plunge in 
water, and ſlide the jars into them; after which 
they may be taken out together, and be ſet 
wherever it ſhall be moſt convenient. For the 
purpoſe of merely, remoying a jar of air from 
one place to another, where it is not to ſtand 
longer than a few days, I make uſe of common 
tea-diſhes, which will hold water enough for that 
time, unleſs, the air be in a ſtate of diminution, 
by means of ny proces that is going on 
in it. ; | 


If I want to try whether an animal will live 
in any kind of air, I firſt put the air into a 
_ ſmall veſſel, juſt large enough to give it room 
to ſtretch itſelf; and as I generally make uſe 
of mice for this purpoſe, I have found it very 
convenient to uſe the hollow part of a tall beer- 
glaſs, 4 fig. , which contains between two and 
three 
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three ounce meaſures of air. In this veſſel a 
moule will live * minutes, or bal an 
hour. 495 2.049 19 
{Be or he nas of: theſe experiments it i 
moſt convenient to catch the mice in ſmall 
wire traps, out of which it is eaſy to take them, 
and holding them by the back of the neck, to 
paſs them through the water into the veſſel 
which contains the air. If I expect that the 
mouſe will live a conſiderable time, I take care 
to put into the veſſel ſomething on which it 
may conveniently fit, out-of the reach of the 
water, If the air be good, the mouſe will ſoon 
be perfectly at its eaſe, having ſuffered nothing 
by its paſſing through the water. If the air-be 
ſuppoſed to be noxious, it will be proper (if the 
operator be defirous of preſerving the mice for 
farther uſe) to keep hold of their tails, that they 
may be withdrawn as ſoon as they begin to ſhew 
ſigns of uneaſineſs; but if the air be thoroughly 
noxious, and the mouſe happens to get a full 

inſpiration, it will be impoſſible to do this be- 
fore it be abſolutely irrecoverable. | 
In order to keep the mice, I put them into re- 
ceivers open at the top and bottom, ſtanding upon 
plates of tin perforated with many holes, and 
covered with other plates of the ſame kind, held 
down by ſufficient weights, as fig, 3. Theſe 
receivers 


go .Tur INTRODUCTION. 


receivers ſtand upon a frame of weed, that the 
freſh air may have an opportunity of getting to 
the bottoms of them, and circulating through 
them. In the inſide I put a quantity of paper 
or tow, which muſt be changed, and the veſſel 
waſhed and dried, every two or three days. 
This is moſt conveniently done by having 
another receiver, ready cleaned and prepared, 
jnto-which the mice may be transferred till the 
* n be cleaned. 


ies * be kept in a pretty exact Mw 
ture, for either much heat or much cold kills 
them preſently. The place in which J have ge- 
nexzally kept them is a ſhelf over the kitchen 
fire · place, where, as it is uſual in Yorkſhire, the 
fire never goes out; ſo that the heat varies very 
lictle, and I find it to be, at a medium, about 
70 degrees of Fahrenheit's thermometer. When 
they had been made to paſs through the water, 
as they neceſſarily muſt be in order to a change 
of air, they. require, and will bear a very con- 
ſiderable degree * deu. to warm and dry 
them. 


I found, to my great ſurprize, in the courſe 
of theſe experiments, that mice will live intirely 
without water ; for though I have kept them 
for three or four months, and have offered them 
water ſeveral times, they would never taſte it; 

and 
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and yet they continued in perfect health and 
vigour. Two of three of them will live very 
peaceably together in the ſame veſſel; though 
T had one inſtance of a mouſe tearing another 


almoſt in pieces, and when there was Fon & 
provilions for both of them. | 


ln the ſame manner in which a mouſe-is put 

into a veſſel of any kind of air, a plant, or any 
thing elſe, may be put into it, viz. by paſſing 
it through the water; and if the plant be of @ 
kind that will grow in water only, there will be 
no occaſion to ſet it in a pot of earth, Which 
will otherwiſe be neceſſary, b 


There may appear, at firſt ſight, ſome dif- 
ficulty in opening the mouth of a phial, con- 
taining any ſubſtance, ſolid or liquid, to which 
water muſt not be admitted, in a jar of any 
kind of air, which is an operation that I have 
ſometimes had recourſe to; but this I eaſily ef- 
fect by means of 4 cork cut tapering, and a ſtrong 
wire thruſt through it, as in fig. 4, for in this 
form it will ſufficiently fit the mouth of any 
phial, and by holding the phial in one hand, 
and the wire in the other, and plunging bath 
my hands into the trough of water, I can eafily 
convey the phial through the water into the jar, 
which muſt either be held by an aſſiſtant, or be 

7 faſtened 
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faſtened by ſtrings, with its mouth projecting 
over the ſnelf. When the phial is thus con- 
veyed into the jar, the cork may cally be re- 
moved, and may alſo be put into it again at 
pleaſure, and conveyed the ſame way out 


again. 


When any thing, as a gallipot, &c. is to be 
ſupported at a conſiderable height within a jar, 
it is convenient to have ſuch wire ſtands as are 
repreſented fig. 5. They anſwer better than 
any other, becauſe they take up but little room, 
and may be * bended to 1 ſhape or 


15 2 


II T have occaſion to pour air from a veſſel 
| I a wide mouth into another with a very nar- 
row one, I am obliged to make uſe of a funnel, 
fig. 6, but by this means the operation is ex- 
ceedingly eaſy ; firſt filling the veſſel into which 
the air is to be conveyed with water, and hold- 
ing the mouth of it, together with the funnel, 
both under water with one hand, while the 
other is employed in pouring the air; which, 
aſcending through the funnel up into the veſſel, 
makes the water deſcend, and takes its place. 
Theſe funnels are beſt made of glaſs, becauſe 
the air being viſible through them, the quantity 
of it may be more eaſily eſtimated by the eye. 

| It 
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It will be convenient to have ſeveral of theſe 
funnels of different ſizes. A 


In order to expel air from ſolid ſubſtances by 
means of heat, I ſometimes put them into a 
gun-barrel, fig. 7, and filling it up with dry 
ſand, that has been well burned, ſo that no air 
can come from it, I lute to the open end the 
ſtem of a tobacco pipe, or a ſmall glaſs tube. 
Then having put the cloſed end of the barrel, 
which contains the materials, into the fire, the 
generated air, iſſuing through the tube, may 
be received into a veſſel of quickſilver, with 
its mouth immerſed in a baſon of the ſame, 
ſuſpended all together in wires, in the man- 
ner deſcribed in the figure: or any other 
fluid ſubſtance may be uſed inſtead of quick- 
ſilver. 


But the moſt accurate method of procuring 
air from ſeveral ſubſtances, by means of heat, 
is to put them, if they will bear it, into phials 
full of quickſilver, with their mouths immerſed 
m the ſame, and then throwing the focus of a 
burning mirror upon them. For this purpoſe 


the phials ſhould be made with their bottoms 


round, and very thin, that they may not be li- 


able to break with a pretty ſudden mario 
of heat. 


1 rk 7 
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"If I want to expel air from any liquid, I 
nearly fill a phial with it, and having a cork 
perforated, I put through it, and ſecure with 
cement, 2 glaſs tube, bended in the manner re- 
preſented at e fig. 1. I then put the phial into 
a kettle of water, which I ſet upon the fire and 
make to boil. The air expelled by the heat, 
from the liquor contained in the phial, iſſues 
through the tube, and is received in the baſon of 
quickfilver, fig. 7. Inſtead of this ſuſpended 
baſon, I ſometimes content myſelf with tying 
a flaccid bladder to the end of the tube, in both 
theſe proceſſes, that it may receive the newly 
generated air. | 


In experiments on thoſe kinds of air which 
are readily imbibed by water, I always make 
uſe of quickſilver, in the manner repreſented 
fig. 8, in which à is the baſon of quickſilver, 
b a glaſs veſſel containing quickſilver, with its 
mouth immerſed 1n it, c a phial containing 
the ingredients from which the air is, to be 
produced, and d is a ſmall recipient, or glaſs 
veſſel deſigned to receive and intercept any li- 
quor that may be diſcharged along with the air, 
which is to be tranſmitted free from any moiſture 


into the veſſel 5, If there be no apprehenſion 


of moiſture, I make uſe of the glaſs tube only, 
without any recipient, in the manner repreſented 


2 fig. 1, In order to invert the veſſel &, I firſt 
| fill 
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fill it with quickſilver, and then carefully cover 
the mouth of it with a piece of ſoft leather; after 
which it may be turned upſide down without 
any danger of admitting the air, and the leather 
may be withdrawn when it is plunged in the 
quickſilver. | | 


In order to generate air by the ſolution of 
metals, or any proceſs of a ſimilar nature, I 
put the materials into a phial, prepared in the 
manner repreſented at & fig. 1, and put the 
end of the glaſs tube under the mouth of any 
veſſel into which I want to convey the air. If 
heat be necefſary I can eaſily apply to it a can- 
dle, or a red hot poker while it hangs in this 
poſition. | 


When I have occaſion to transfer air from a 
jar ſtanding in the trough of water to a veſſel 
ſtanding in quickſilver, or in any other ſituation 
whatever, I make uſe of the contrivance repre- 
ſented fig. 9, which conſiſts of a bladder, fur- 
niſhed at one end with a ſmall glaſs tube bended, 
and at the other with a cork, perforated ſo as 
Juſt to admit the ſmall end of a funnel. When 
the common air is carefully preſſed out of this 
bladder, and the funnel is thruſt tightly into the 
cork, it may be filled with any kind of air as” 
ealily as a glaſs jar; and then a ſtring being 
tied above the cork in which the funnel is in- 

ſerted, 
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ferted, and the orifice in the other cork cloſed, 
by preſſing the bladder againſt it, it may be car- 
ried to any place, and if the tube be carefully 
wiped, the air may be conveyed quite free from 
moiſture-through a body of quickſilver, or any 
thing elſe. A little practice will make this very 
uſeful manceuvre perfectly eaſy and accurate. 


In order to impregnate fluids with any kind 
of air, as water with fixed air, I fill a phial with 
the fluid, larger or leſs as I have occaſion (as 4 
fig. 10;) and then, inverting it, place it with 
its mouth downwards, in a bowl 2, containing 
a quantity of the ſame fluid ; and having filled 
the bladder, fig. 9, with the air, I throw as 
much of it as I think proper into the phial, in 
the manner deſcribed above. To accelerate the 
impregnation, I lay my hand on the top of the 
Phial, and ſhake it as much as I think pro- 


Per. 


If, without having any air previouſly gene- 
rated, I would convey it into the fluid imme- 
diately as it ariſes from the proper materials, 
I keep the ſame bladder in connection with a 
phial c fig. 10, containing the ſame materials 
| (as chalk, ſalt of tartar, or pearl aſhes in di- 

luted oil of vitriol, for the generation of fixed 
air) and taking care (leſt, in the act of effer- 

| veſcence, any of the materials in the phial c 
1 e ſhould 
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ſhould get into the veſſel a) to place this phial 
on a ſtand lower than that on which the baſon 
was placed, I preſs out the newly generated air, 


and make it aſcend directly into the fluid. For 


this purpoſe, and that I may more conveniently 
ſhake the phial c, which 1s neceſſary in ſome 
proceſſes, eſpecially with chalk and oil of vi- 


triol, I ſometimes make uſe of a flexible lea- 


thern tube 4, and ſometimes only a glaſs tube. 


For if the bladder be of a ſufficient length, 


it will give room for the agitation of the phial; 
or if not, it is eaſy to connect two bladders 


together by means of a perforated cork, to 


which they may both be faſtened, 


When I want to try whether any kind of air 
will admit a candle to burn in it, I make uſe 
of a cylindrical glaſs veſſel, fig. 11, and a bit 
of wax candle à fig. 12, faſtened to the end of 
a wire 3, and turned up, in ſuch a manner as 
to be let down into the veſſel with the flame 
upwards. The veſſel ſhould be kept carefully 
covered till the moment that the candle is ad- 
mitted. In this manner I have frequently ex- 
tinguiſhed a candle more than twenty times 
ſucceſſively, i in a veſſel of this kind, though it 
is impoſſible to dip the candle into it without 2 
giving the external air an opportunity of mix= 
ing with the air in the infide more or lefs. 
The candle c, at the other end of the wire Is 

C very 
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very conyenient for holding under a jar ſtand- 
ing in water, in order to burn as long as the 
incloſed air can ſupply. it; for the moment that 

it is extinguiſhed, it may, be drawn through 
the water, before any ſmoke can hays Wa 
with the air. 


In order to draw : air out of a veſſel which 
has its mouth immerſed in water, and thereby 
to raiſe the water to Whatever height may be 
neceſſary, it is very. convenient to make uſe 
of a glaſs Hpbon, fig. 13, putting one of the 
legs up into the veſſel, and drawing the air out 
at the other end by the mouth. If the air be 
of a noxious quality, it may be neceſſary to 

have a ſyringe faſtened to the ſyphon, the 
manner of which needs no explanation. I have 
not thought it ſafe to depend upon a valve at 
the top of the veſſel, which Dr. Hales ſome- 
times made uſe of. 
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If, however, a very ſmall hole be made at 
the top of a glaſs veſſel, it may be filled to 
any height by holding it under water, while 
the air is iſſuing out at the hole, which may 
then be cloſed with wax or cement. 
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If the generated air will neither hs abſorbed 
by water, nor diminiſh common air, it may be 

convenient to put part of the materials into a 

cup, ſupported by a ſtand, and the other part 


into 
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into a ſmall glaſs veſſel, placed on the edge of 
it, as at /, fig. 1. Then having, by means of a 
ſyphon, drawn the air to a convenient height, 
the ſmall glaſs veſſel may be eaſily puſhed into 
the cup, by a wire introduced through the wa- 
ter; or it may be contrived, in a variety of 
ways, only to diſcharge the contents of the 
ſmall veſſel into the larger. The diſtance be- 
teen the boundary of air and water, before and 
after the operation, will ſhew the quantity of 
the generated air. The effect of proceſſes that 
diminiſh air may alſo be tried by the ſame ap- 
Paratus. 


When I want to admit a particular kind 
of air to any thing that will not bear wetting, 
and yet cannot be conveniently put into a phial, 
and eſpecially if it be in the form of a powder, 
and mult be placed upon a ſtand (as in thoſe 
experiments in which the focus of a burning 
mirror is to be thrown upon it) I firſt exhauſt 
a receiver, in which it is previouſly placed; 
and having a glaſs tube, bended for the pur- 
poſe, as in fig. 14, I ſcrew it to the ſtem of a 
transfer of the air-pump on which the receiver 
had been exhauſted, and introducing it through 
the water into a jar of that kind of air with 
which I would fill the receiver, I only turn 
the cock, and 1 gain my purpoſe, In this 
method, however, uhleſs the pump be very 


C 3 good, 
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good, and ſeveral contrivances, too minute to 
be particularly deſcribed, be made uſe of, a 
good deal of common air will get into, the 
receiver. . 


When I want to meaſure the goodneſs of 
any kind of air, 1 put two meaſures of it into 
a jar ſtanding in water; and when I have 
marked upon the, glaſs the exact place of the 
boundary of air and water, I put to it one 
meaſure of nitrous air; and after waiting a 
Proper time, note the quantity of its dimi- 
nution. If I be comparing two kinds of air 
that are nearly alike, after mixing them in a 
large jar, I transfer the mixture into a long 
glaſs tube, by which I can lengthen my ſcale 
to what degree I pleaſe. 


If the quantity K the air, the goodneſs of 
which I want to aſcertain, be exceedingly 
ſmall, ſo as to be contained in a part of a glaſs 
tube, out of which water will not run ſpon- 
taneouſly, as @ fig. 15; I firſt meaſure with a 
pair of compaſſes the length of the column 
of air in the tube, the remaining part being 
filled with water, and lay it down upon a 
ſcale; and then, thruſting a wire of a proper 
thickneſs, >, into the tube, I contrive, by 
means of a thin plate of iron, bent to a ſharp 
angle e, to draw 1 it out again, when the whole 


of 
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of this little apparatus, has been introduced 
through the water into a jar of nitrous air; 
and the wire being drawn out, the air from 
the jar muſt ſupply its place. I then meaſure 
the length of this column of nitrous air which « 
I have got into the tube, and lay it alſo down 
upon the ſcale, ſo as to know the exact length 
of both the columns. Afrer this, holding the 
tube under water, with a ſmall wire I force the 
two ſeparate columns of air into contact; and 
when they have been a ſufficient time together, 
I meaſure the length of the whole, and com- 
pare it with the length of both the columns 
taken before. A little experience will teach 
the operator how far to thruſt the wire into 
the tube, in order to admit as much air as he 
wants and no more. 


In order to take the electric ſpark in a quan- 
tity of any kind of air, which muſt be very 
ſmall, to produce a ſenſible effect upon it, in 
a ſhort time, by means of a common machine, 
I put a piece of wire into the end of a ſmall 
tube, and faſten it with hot cement, as in fig. 
16; and having got the air I want into the 
tube, by means of the apparatus fig. 15, I 
place it inverted in a baſon containing either 
quickſilver, or any other fluid ſubſtance by © 
which I chuſe to have the air confined. I then, 
by the help of the air-pump, drive out as much 
of the air as I think convenient, admitting the 

C 3 quick- 
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not recede too ſoon beyond the ſtriking diſtance. 


22 THz INTRODUCTION. 


quickſilver, &c. to it, as at a, and putting a, 
braſs ball on the end of the wire, IT take. the 
ſparks or ſhocks upon it, and thereby tranſmit 
them through * air to the liquor i in the tube, 


3 take the electric ſparks, i in any kind f | 
fluid, as oil, &c. I uſe the ſame apparatus de- 
ſcribed above, and having poured into the tube 
as much of the fluid as I conjecture I can make 
the electric ſpark paſs through, I fill the reſt. 
with quickſilver; and placing it inverted i in a 

baſon of quickſilver, I rare the ſparks as before. 


If air be generated very faſt by this proceſs, 
T uſe a tube that is narrow at the top, and. grows 
wider below, as fig. 17, that the quickſilver may 


Sometimes I have uſed a different apparatus 
for this purpoſe, repreſented fig. 18. Taking a 
pretty wide glaſs tube, hermetically ſealed at 
the upper end, and open below, at about an 
inch, or at what diſtance I think convenient 
from the top, L get two holes made in it, oppoſite 
to each other. Through theſe I put two wires, 
and faſtening them with warm cement, I fix, 
them at what diſtance I pleaſe from each other. 
Between theſe wires I, take the ſparks, and 
the bubhles of air riſe, as they are formed, to 
hg toy of $i the robe, ren 
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F 9 9 upon ths lutz of of fin Hol . 
aif, 1 find myſelf at a 1618 for ptopet terms, * 
by which to diſtinguiſh them, thoſe Which have 
hitherto obtained being by no means ſuffittent-" 
ly*charaeriſtic, or diſtin. The only term © 
in common uſe are, fixed" air, mepBittc, and in- 
flammable, The laſt, indeed, ſufficiently cha- 
racterizes and diſtinguiſhes that kind of air 
which takes fire, and explodes on the approach 
of flame; but it might have been termed fixed 
with as much propriety as that to which Dr. 
Black and others have given that denomination, -- 
ſince it is originally part of ſome ſolid ſubſtance, 


and exiſts in an unelaſtic ſtate, 
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All theſe newly diſcovered kingls of air 
may alſo be called fa#itious; and if, with 
others, we uſe the term fxable, it is ſtill obvious 
to remark, that it is applicable to them all; 
ſince they are all capable of being imbibed by 
ſome ſubſtance or other, and conſequently of 


being fixed in them, after they have been in an 
elaſtic ſtate. 


The term mephitic is equally applicable 
to what is called fixed air, to that which is in- 
flammable, and to many other kinds; ſince they 
are equally noxious, when breathed by animals. 
Rather, however, than either introduce new 
terms, or change the ſignification of old ones, 
J ſhall uſe the term fixed air, in the ſenſe in 
which it is now commonly uſed, and diſtinguiſh 
the other kinds by their. properties, or ſome 
other periphraſis, I ſhall be under a neceſſity, | 
however, of giving names, to thoſe kinds of 

air, to which no names had been given by 
others, as * acid, and alkaline. © | 
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It was in confequence of living for ſome 
time in the neighbourhood of a public brewery, 
that I was induced to make experiments on 
fixed air, of which there is always a large body, 
ready formed, upon the ſurface of the ferment- 
ing liquor, generally abour nine inches, or a foot 
in depth, within which any kind of ſubſtance. 
may be very conveniently placed ; and though, 
in theſe circumſtances, the fixed air muſt be 
continually' mixing with the common air, and 
is therefore far ſrom being perfectly pure, vet 
there is a conſtant freſh ſupply from the fer- 
menting liquor, and it is pure enough for many 


. FED N 1 10 
A perſon, who is quite a ſtranger to 10 pro- 4 

perties of this kind of air, would be agtecably 
amuſed with extinguiſhing lighted candles, or 
chips of wood in it, as it lies upon the ſurface . 
of the fermenting liquor; for the ſmoke rea- 
dily unites with this kind of air, probably by. 
means of the water which it contains; fo that 
very little or none of the ſmoke will eſcape 1 into 
the open air, which is incumbent upon it. It 
is remarkable, that the _ ſurface of this 
ſmoke, 
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ſmoke, floating in the fixed air, is ſmooth, and 


well. defined; whexrkas tlie lower fufface is ex- 


ceedingly ragged, ſeveral parts hanging down to 


a conſiderable diſtanee Within the body of the 


fixed air, and ſometimes in the form of balls, 
connected to the upper. ſtratum by ſlender 
threads, as if they were ſuſpended. The ſmoke 
is alſo apt to form itſelf into broad flakes, pa- 
ralleT t to the ſurface. of the liquor, and at diffe- 
rent. diſtances from it, exactly like clouds. 
eſe © appearances will ſometimes continue a- 
boxe an hour, with very; little variation. When 
this fixed ar is very ſtrong, the ſmoke of a 
ſmall quantity of gunpouder fired in. it will be 
wholly. retained by it, no part cſcaping into the 
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akg an agitation in 1. air, the ſurface 
of it, (which ſtill continues to be exactly de- 
fin ed) 1 is. thrown into the form of waves, which 
it 18 very amuſing. to look upon; and if, by. 
this agitation, any of the fixed air be thrown 
over the ſide of the veſſel, the ſmoke, which 
is "mixed with it; will fall to the ground, as if 
it was ſo much water, the fixed air being heavier 
than common air. 


ene e £- u a % 

„The red... part. of burning wood was extin- 

gyiſhed, in this: air, but I could not, perceive | 
thatra red-hot poker v was ſooner cooled in it. 
Fixed 
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Fixed air does not inſtantly mix with com- 
mon air. Indeed if it did, it could not be 
caught upon the ſurface of the fermenting liz - 
quor. A candle put under a large receiver, 
and immediately plunged very deep below the 
ſurface of the fixed air, will burn ſome time. 
But veſſels with the ſmalleſt -orifices, hanging 
with their mouths downwards in the fixed air, 
will in time have the common air, which. they: 
contain, perfectly mixed with it. When the 
fermenting liquor is contained in veſſels cloſe 
covered up, the fixed air; on removing the cover, 
readily affects the common air which is con- 
tiguous to it; ſo that, candles held at a con- 
ſiderable diſtance above the ſurface will in- 
ſtantly go out. I have been told by? the 
workmen, that this will ſometimes be the caſe, 
when the candles are held two feet above _ | 
mouth of the veſſel. 


Fixed Auen with the ſmoke of * fol- 
phur, and other electrical ſubſtances, as well as 
with the vapour of water; and yet, by hold 
ing the wire of a charged phial among theſe 
fumes, I could not make * electrical atmo- 
ſphere, which ſurprizad me a good deal, as 
there was a large body of this ſmoke, and it 
was ſo . that it rewe not min; me. 


I alſo held ſome oil * vitriol i ina gat v REA 


ſel within the fixed 2 by plunging a 
piece 
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piece of red-hot glaſs into it, raiſed a copious 


and thick fume. This floated upon the ſurface 
of the fixed air like other "Tories, and continued 4 


2 IP: 
** | 


Conſidering the near * W water 
and fixed air, I concluded that if a quantity of 
water was placed near the yeaſt of the fermenting 


liquor, it could not fail to imbibe that air, and 


thereby acquire the principal properties of Pyr- 


mont, and ſome other medicinal mineral waters. 
Accordingly, I found, that when the ſurface of 
the water was conſiderable, it always acquired 
the pleaſant acidulous taſte that Pyrmont water 


has. The readieſt way of impregnating water 


with this virtue, in theſe: circumſtances, is to 
take two veſſels, and to keep pouring the water 
from one into the other, when they are both of 
them held as near the yeaſt as poſſible; for by 


this means a great quantity of ſurface is ex- 
poſed to the air, and the ſurface is alſo conti- 


nually changing. In this manner, I have ſome- 


times, in the ſpace of two or three minutes, 


made a glaſs of exceedingly pleaſant ſparkling 
water, which could hardly be diſtinguiſned 
from very * i 7 T rather Seltzer : 


Water. 


But the moſt Heltual way of impregnating 
water with fixed air is to put the veſſels which 


contain the water into glaſs jars, filled with the 
a pureſt 


— 
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pureſt fixed air, made by the ſolution of chalk 
in diluted oil of vitriol, ſtanding in quickſilver. 
In this manner I have, in about two days, made 
a quantity of water to imbibe more than an 
equal bulk of fixed air, ſo that, according to 
Dr. Brownrigg's experiments, it muſt have been 
much ſtronger than the beſt imported Pyrmont; 
for though he made his experiments at the 
ſpring-head, he never found that it contained 
quite ſo much as half its bulk of this air. If a 
ſufficient quantity of quickſilver cannot be pro- 
cured, oil may be. uſed with ſufficient advantage, 
for this purpoſe, as it imbibes the fixed air very 

| ſlowly. Fixed air may be kept in veſſels ſtand. 
ing in water for a long time, if they be ſepa» 
rated by a partition of oil, about half an inch 
thick. Pyrmont water made in theſe circum- 
ſtances, is little or nothing inferior to that 
which has ſtood in quickſilver. 


The readieſt method of preparing this water 
for uſe is to agitate it ſtrongly with a large 
ſurface expoſed to the fixed air. By this means 
more than an equal bulk of air may be com- 
municated to a large quantity of water 1n the 
ſpace of a few minutes. But ſince agitation 
promotes the diſſipation of fixed air from wa- 
ter, it cannot be made to imbibe ſo great à 
quantity in this method as in the former, where 
more time is taken, 

Eaſy 
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Eaſy directions for i impregnating water r with 
Fixed air I have publifhed in a ſmall pamphlet, 
defigned originally for the uſe of ſeamen in 
long voyages, on the preſumprion that it might 
be of uſe for preventing or curing the fea 
ſcurvy, equally with wort, which was recom- 
mended by Dr. Macbride for this purpoſe, on 
no other account than its property of genera- 
ting fixed air, by its fermentation in the ſto- 
mach. 


Water thus impregnated with fixed air rea- 
dily diſſolves iron, as Mr. Lane has diſcovered; 
ſbo that if a quantity of iron filings be put to 
it, it preſently becomes a ſtrong chalybeate, 
and of the mildeſt and moſt agreeable kind. 


1 have recommended the uſe of chalk and 
oil of vitriol as the cheapeſt, and, upon the 
whole, the beſt materials for this purpoſe. But 
ſome perſons prefer pearl aſhes, pounded mar- 
ble, of other calcareous or afkaline ſubſtances, 
and perhaps with reaſon. My own experience 
has not been ſufficient to enable me to decide 
in this caſe. | 


Whereas ſome perſons had ſuſpected that a 
quantity of the oil of vitriol was rendered vo- 
latile by this proceſs, I examined it, by all the 
chemical methods that are in uſe ; but could 

| not 
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.not figd bas water thus impregnated contained 
the leaſt perceivable quantity of that acid. 


Mr. Hey, indeed, who! aſſiſted me in this 
examination, found that diſtilled water, im- 
pregnated with fixed air, did not mix ſo readi- 
ly with ſoap as the diſtilled water itſelf; but 
this was alſo the caſe when the fixed air had 
paſſed-through a long glaſs tube filled with al- 
kaline falts, which, it may be ſuppoſed, would 
have imbibed any of the oil of vitriol that 
might have been contained 1 in that air . 


Fixed air itſelf may be ſaid to be of the 
nature of an acid, though of a weak and 
peculiar ſort. Mr. Bergman of Upſal, who 
honoured me with a letter upon the ſubject, 
calls it the azrial acid; and, among other 
experiments to prove it to be an acid, he 
ſays that it changes the blue juice of tourneſole 
into red. This Mr. Hey found to be true, and 
'he moreover diſcovered that when water tinged 
blue with the juice of tourneſole, and then red 
with-fixed air, has been expoſed to the open 
air, it recovers its blue colour again, 


The. heat of boiling water will expel all the 
fixed air, if a phial containing the impregnated. 
An account of Mr, Hey's experiments will be found 


in the Appendix to theſe papers. 
3 water 
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Hater be held in it; but it will often requite 
above half an hour to do it completely. 


Dr. Percival, who is particularly attentive 
90 every improvement in the medical art, and 
who has thought ſo well of this impregnation 
as to preſcribe it in ſeveral caſes, informs me 
that it ſeems to be much ſtronger, and ſparkles 
more, like the true Pyrmont water, after it has 
been kept ſome time. This circumſtance, 
however, ſhews that, in time, the fixed air is 
more eaſily diſengaged from the water; and 
though, in this ſtate, it may affect the taſte 
more ſenſibly, it cannot be of ſo much uſe 
in the ſtomach and bowels, as when the air is 
more firmly retained by the water. 


By the proceſs deſcribed in my pamphlet, 
fixed air may be readily incorporated with wine, 
beer, and almoſt any other liquor whatever ; 
and when beer, wine, or cyder, is become 
flat or dead (which is the conſequence of the 
eſcape of the fixed air they contained) they 
may be revived by this means; but the delicate 
and agreeable flavour, or acidulous taſte, com- 
municated by fixed air, and which is very ma- 
hifeſt in water, can hardly be perceived in 
wine, or any liquors which have much thite of 
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I ſhould think that there can be no doubt, 
but that water thus impregnated with fixed air 
muſt have all the medicinal virtues of genuine 
Pyrmont or Seltzer water; ſince theſe depend 
upon the fixed air they contain. If the genuine 
Pyrmont water derives any advantage from its 
being a natural chalybeate, this may alſo be 
obtained by providing a common chalybeate 
water, and uſing it in theſe proceſſes, inſtead ® I 
of common air. 8 


| Having ſucceeded fo well with this artificial 
Pyrmont water, I imagined that it might be 
poſſible to give ice the ſame virtue, eſpecially 
as cold is known to promote the abſorption of 
fixed air by water; but in this I found myſelf 
quite miſtaken. I put ſeveral pieces of ice into 
a quantity of fixed air, confined by quickſilver, 
but no part of the air was abſorbed in two 
days and two nights; but upon bringing it 
into a place where the ice melted, the air was 
abſorbed as uſual. | 


J then took a quantity of ſtrong artificial 
Pyrmont water, and putting it into a thin glaſs 
phial, I ſet it in a pot that was filled with ſnow 
and falt. This mixture inſtantly freezing the 
water that was contiguous to the ſides of the 


glaſs, the air was diſcharged plentifully, ſo 
D that 
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that I catched a conſiderable quantity, in a 
bladder tied to the mouth of the phial. 


J alſo took two quantities of the ſame Pyr- 
mont water, and placed one of them where it 
might freeze, keeping the other in a cold place, 
but where it would not freeze. This retained 
its acidulous taſte, though the phial which 
contained 1t was not corked ; whereas the other 
being brought into the ſame place, where the 
ice melted very ſlowly, had at the ſame time 
the taſte of common water only. That quan- 
tity of water which had been frozen by the 
mixture of ſnow and ſalt, was almoſt as much 
like ſnow as ice, ſuch a quantity of air-bub- 
bles were contained in it, by which it was pro- 
digiouſly increaſed in bulk. 


The preſſure of the atmoſphere aſſiſts very 
conſiderably in keeping fixed air confined in 
water; for in an exhauſted receiver, Pyrmont 
water will abſolutely boil, by the copious diſ- 
charge of its air. This is alſo the reaſon why 
beer and ale froth ſo much in vacuo. I do not 
doubt, therefore, but that, by the help of a 
condenſing engine, water might be much more 
highly impregnated with the virtues of the 
Pyrmont ſpring ; and it would not be difficult 
to contrive a method of doing it. | 

boa The 
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The manner in which I made ſeveral expe- 
riments to aſcertain the abſorption of fixed air 
by different fluid ſubſtances, was to put the 
liquid into a diſh, and holding it within the 
body of the fixed air at the brewery, to ſet a 
glaſs veſſel into it, with its mouth inverted. 
This glaſs being neceſſarily filled with the fixed 
air, the liquor would riſe into it when they 
were both taken into the common air, if the 
fixed air was abſorbed at all. 


Making uſe of ether in this manner, there 
was a conſtant bubbling from under the glaſs, 
occaſioned by this fluid eaſily riſing in vapour, 
ſo that I could not, in this method, determine 
whether it imbibed the air or not. T concluded, 
however, that they did incorporate, from a 
very diſagreeable circumſtance, which made me 
deſiſt from making any more experiments of 
the kind. For all the beer, over which this 
experiment was made, contracted a peculiar 
taſte ; the fixed air impregnated with the ether 
being, I ſuppoſe, again abſorbed by the beer, 
I have alſo obſerved, that water which remain- 
ed a long time within this air has ſometimes 


acquired a very difagreeable taſte. At one 


time it was like tar-water. How this was ac- 
quired, I was very deſirous of making ſome 
experiments to aſcertain, but I was diſcouraged 
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by the fear of injuring the fermenting liquor. 


It could not come from the fixed air only. 


Inſects and animals which breathe very little 
are ſtifled in fixed air, but are not ſoon quite 
killed in it. Butterflies and flies of other 
kinds, will generally become torpid, and ſeem- 
ingly dead, after being held a few minutes over 
the fermenting liquor; but they revive again 
after being brought into the freſh air. But 
there are very great varieties with reſpect to 
the time in which different kinds of flies will 
either become torpid in the fixed air, or die 
in it. A large ſtrong frog was much ſwelled, 


and ſeemed to be nearly dead, after being held 


about ſix minutes over the fermenting liquor ; 
but it recovered upon being brought into the 
common air. A ſnail treated in the ſame man- 
-ner ied preſently. 


Fixed air is preſently fatal to vegetable life. 
At leaſt ſprigs of mint growing in water, and 
placed over the fermenting liquor, will often 
become quite dead in one day, or even in a 
leſs ſpace of time; nor do they recover when 
they are afterwards brought into the common 

air. I am told, however, that ſome other 
Plants are much more NaN in this ere 
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A red roſe, freſh gathered, loſt its redneſs, 
and became of a purple colour, after being 
held over the fermenting liquor about twenty- 
four hours; but the tips of each leaf were 
much more affected than the reſt of it. Ano- 
ther red roſe turned perfectly white in this 
fituation ; but various other flowers, of diffe- 
rent colours, were very little affected. Theſe 
experiments were not repeated, as I wiſh they 
might be done, in pure fixed air, extracted 
from chalk by means of oil of vitriol. | 


For every purpoſe, in which it was neceffary 
that the fixed air ſhould be as unmixed as 


_ poſſible, I generally made it by pouring oil of 


vitriol upon chalk and water, catching it in a 
bladder, faſtened to the neck of the phial in 
which they were contained, taking care to prefs 
out all the common air, and alſo the firſt, and 
ſometimes the ſecond, produce of fixed air; 
and alſo, by agitation, making 1 it as quickly as 
I poſſibly could, At other times, I made it 
paſs from the phial in which it was generated 
through a glaſs tube, without the interyention 
of any bladder, which, as I found by experi- 
ence, will not long make a fufficient ſeparation 
between ſeveral kinds of air and common air. 


N Ka 


I had once thought that the readieſt method 


of procuring fixed air, and in ſufficient purity, 
D 3 | would 
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would be by the ſimple proceſs of burning 
chalk, or pounded lime-ſtone in a gun- barrel, 
making it paſs through the ſtem of a tobacco- 
pipe, or a glaſs tube carefully luted to the 
orifice of it. In this manner I found that air 
is produced in great plenty; but, upon exam- 
ining it, I found, to my very great ſurprize, 
that little more than one half of it was fixed 
air, capable of being abſorbed by water; and 
that the reſt was inflammable, ſometimes very 
weakly, but ſometimes pretty highly ſo. 


Whence this inflammability proceeds, I am 
not able to determine, the lime or chalk not 
being ſuppoſed to contain any other than fixed 
air. I conjecture, however, that it muſt pro- 
ceed from the iron, and the ſeparation of it 
from the calx may be promoted by that ſmall 
quantity of oil of vitriol, which I am informed 
is ee in chalk, if not in lime-ſtone alſo. 


But it is an objeftion to this hypotheſis that 
the inflammable air produced in this manner 
burns blue, and not at all like that which is pro- 
duced from iron, or any other metal, by means 
of an acid. It alſo has not the ſmell of that kind 
of inflammable air which is produced from mi- 
neral ſubſtances. Beſides, oil of vitriol with- 
out water, will not diſſolve iron; nor can in- 


flammable air be got from it, unleſs the acid be 
con- 


conſiderably diluted; and when I mixed brim- 
ſtone with the chalk, neither the quality nor the 
quantity of the air was changed by it. Indeed 
no air, or permanently elaſtic vapour, can be 
got from brimſtone, or any oil. | 


Perhaps this inflammable principle may 
come from ſome remains of the animals, from 
which it is thought that all calcareous matter 


proceeds. 


In the method in which I generally made the 
fixed air (and indeed always, unleſs the. con- 
trary be particularly mentioned, viz. by diluted 
oil of vitriol and chalk) I found by experiment 
that it was as pure as Mr. Cavendiſh made it. 
For after it had paſſed through a large body of 
water in ſmall bubbles, ſtill yg or 4 part only 
was not abſorbed by water. In order to try 
this as expeditiouſly as poſſible, I kept pouring 
the air from one glaſs veſſel into another, im- 
merſed in a quantity of cold water, in which 
manner I found by experience, that almoſt any 
quantity may be reduced as far as poſſible in a 
very ſhort time. But the molt expeditious me- 
thod of making water imbibe any kind of air, 
is to confine it in a jar, and agitate it ſtrongly, 
in the manner deſcribed in my pamphlet on 
the impregnation of water with fixed air, and ö 
repreſented fig. 10. 
: D 4 At 
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ö At the ſame time that I was trying the purity. 
of my fixed air, I had the curioſity to endeavour 
to aſcertain whether that part of it which is not 
miſcible in water, be equally diffuſed through 
the whole maſs; and, for this purpoſe, I di- 
vided a quantity of about a gallon into three 
, the firſt conſiſting of that which was up- 
Dermibls, and the laſt of that which was the 
loweſt, contiguous to the water; but all theſe 
parts were reduced in about an equal propor- 
tion, by paſſing through the water, ſo that the 
whole maſs had been of an uniform compo- 
ſition. This I have alſo found to be the caſe 
with ſeveral-kinds of air, which will not — 


. * 


A monſe will five very well, though a can- 
dle will not burn, in the reſiduum of the pureſt 
fixed air that I can. make; and I once made a 
very large quantity for the ſole purpoſe of this 
experiment. This, therefore, ſeems to be one 
inſtance of the generation of genuine common 
air, though vitiated in ſome degree. It is alſo 
another proof of the reſiduum of fixed air being, 
in part at leaſt, common air, that it becomes 
turbid, and is diminiſned by the mixture of 
nitrous air, as will be explained hereafter. 


That fixed air only wants ſome addition to 
make it permanent, and immiſcible with water, 
6 if 
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if not, in all reſpects, common air, I have been 
led to conclude, from ſeveral attempts which I 
once made to mix it with air in which. a quan- 
tity of iron filings and brimſtone, made into a 
paſte with water, had ſtood; for, in ſeveral 
mixtures of this kind, I imagined that not 
much more than half of the fixed air could be 
imbibed by water; but, not being able to re- 
peat the experiment, I conclude that I either 
deceived [myſelf in it, or that I overlooked 
ſbnie-.circumftance on which the ſucceſs of it 
GE 


Theſe experiments, however, 8 they 
were fallacious or otherwiſe, induced me to try 
whether any alteration would be made in the 
conſtitution of fixed air, by this mixture of 
iron filings and brimſtone. I therefore put a 
mixture of this kind into a quantity of as pute 
fixed air as I could make, and confined the 
whole in quickſilver, leſt the water ſh6uld ab- 
forb it before the effects of the mixture could 
take place. The conſequence was, that the 
fixed air was diminiſhed, and the quickſilver 
roſe in the veſſel, till about the fifth-part 
was occupied by it; and, as near as I could 
judge, the proceſs went on, in all refpe@s, 
as if the air in the inſide had been common 
air, | 


What 
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What is moſt remarkable, in the reſult of 


this experiment, is, that the fixed air, into 
which this mixture had been put, and which 


had been in part diminiſhed by it, was in part 


alſo rendered inſoluble in water by this means. 
I made this experiment four times, with the 
greateſt care, and obſeryed, that in two of 
them about one ſixth, and in the other two 
about. one fourteenth, of the original quantity, 
was ſuch as could not be abſorbed by water, 
but continued permanently. elaſtic. Leſt T 
ſhould have made any miſtake with reſpe& to 
the purity of the fixed air, the laſt time that 1 
made-the experiment, I ſet part of the fixed 
air, which I made uſe of, in a ſeparate veſſel, 
and found jt to be exceedingly pure, ſo as to 
be almoſt wholly abſorbed by water ; whereas 
the other part, to which I had put the ini 
ture, was far from being ſo. | 


1 of theſe caſes, in which fixed air was 
made immiſcible with water, it appeared to be 
not very noxious to animals; but in another 
caſe, a mouſe died in it pretty ſoon. This dif- 
ference probably aroſe from my having inad- 
vertently agitated the air in water rather more 
in one caſe than in the other. 


As the iron is Face to a calx by this pro- 


ceſs, I once concluded, that it is phlogiſton that 


fixed 
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fixed air wants, to make it common air; and, 
for any thing I yet know, this may be the caſe, 
though I am ignorant of the method of com- 
bining them; and when I calcined a quantity 
of lead in fixed air, in the manner which will 
be deſcribed hereafter, it did not ſeem to have 
been leſs ſoluble in water than it was before. 


CEC. T-1,.0:M.. MM. 


of Alx in which a CanvLe, or BRIMSTONE, 
bas burned out. 


It is wall known that flame cannot ſubſiſt 
long without change of air, ſo that the com- 
mon air is neceſſary to it, except in the caſe of 
ſubſtances, into the compoſition of which nitre 
enters; for theſe will burn in vacuo, in fixed air, 
and even under water, as is evident in ſome 
rockets, which are made for this purpoſe. . The 
quantity of air which even a ſmall flame re- 
quires to keep it burning is prodigious, It is 
generally ſaid, that an ordinary candle conſumes, 
as it is called, about a gallon in a minute, 
Conſidering this amazing conſumption of air, 
by fires of all kinds, volcanos, &c. it becomes 
a great object of philoſophical inquiry, to-af<... 
certain what change is made in the conſtitution - 
of the air by flame, and to diſcover what provi- 

ſion 
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ſion there is in nature for remedying the injury 


which the atmoſphere receives by this means, 
Some of the following experiments will, per- 
* thought to throw light en the ſubject, 


The diminution of the quantity of air in 
which a candle, or brimſtone, has burned out; 
is various ; but I imagine that, at a medium, 


it may be about one fifteenth, or one ſixteenth 


of the whole; which is one third as much as by 
animal or vegetable fubſtances putrefying in it, 
by the calcination of metals, or by any of the 
other cauſes of the complete diminution of air, 
which will be mentioned hereafter. 

1 3 FR: Nag thought, that * FA 
poſes the common air to depoſit the fixed air 
it contains; for if any lime-water be expoſed 


to it, it immediately becomes turbid. This is 


the caſe, when wax candles, tallow candles, 
chips of wood, ſpirit of wine, ether, and every 
other ſubſtance which I have yet tried; except 
brimſtone, is burned in a cloſe glaſs veſſel, 
ſtanding in lime-water. This precipitation of 
fixed air (if this be the cafe) may be owing to 
ſomething emitted from the burning bodies, 
which has a ſtronger affinity with the other con- 
ſtituent parts of the atmoſphere *. 

* The ſuppoſition, mentioned in this and other paſſages 


of the firft part of this publication, viz. that the diminution 
| of 
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If brimſtone be burned in the ſame circum- 

ſtances, the lime-water continues tranſparent, 

but ſtill there may have been the fame preci- 

pitation of the fixed part of the air; but that, 

uniting with the lime and the vitriolic acid, it 

forms a ſelenetic ſalt, which is ſoluble in water. 

Having evaporated a quantity of water thus 

impregnated, by burning brimſtone a great 

number of times over it, a whitiſh powder re- 

mained, which had an acid taſte; but repeating 

the experiment with a quicker evaporation, the | 

powder had no acidity, but was very muck like | 
chalk. The burning of brimſtone but once 

over a quantity of lime-water, will affect it in 

ſuch a manner, that breathing into it will not 

make it turbid, which otherwiſe it always pre- 

ſently does. 


Dr. Hales ſuppoſed, that by burning brim- 
ſtone repeatedly in the ſame quantity of air, the 
_ diminution would continue without end. But 
this I have frequently tried, and not found to 
be the caſe. Indeed, when the ignition has 
been imperfect in the firſt inftance, a fecond 
firing of the ſame ſubſtance will increaſe the 
effect of the firſt, \&c. but this progreſs ſoon 
ceales.” | | 


2 common air, by this and other proceſſes is, in part at 
aſt, owing to the precipitation of the fixed air from it, 
the reader will find confirmed by the experiments and ob- 
ſerbations in the ſecond part. In 


— 
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In many caſes of the diminution of air, the 
effect is not immediately apparent, even when 
it ſtands in water; for ſometimes the bulk of 
air will not be much reduced, till it has paſſed 
ſeveral times through a quantity of water, which 
has thereby a better opportunity of abſorbing 
that part of the air, which had not been per- 
fectly detached from the reſt. I have ſome- 
times found a very great reduction of a maſs of 
air, in conſequence of paſſing but once through 
cold water, If the air has ſtood in quickſilver, 
the diminution is generally inconſiderable, till 
it has undergone this operation, there not being 
any ſubſtance expoſed to the air that could 
abſorb any part of it. 


1 could not find any confiderable alteration 
in the- ſpecific gravity of the air, in which 
candles, or brimſtone, had burned out. I am 
ſatisfied, however, that it is not heavier than 
common air, which muſt have been manifeſt, 
if. ſo great a diminution of the quantity had 
been owing, as Dr. Hales and others ſuppoſed, 
to the elaſticity of the whole maſs being im- 
paired. After making ſeveral trials for this 
purpoſe, I concluded that air, thus diminiſhed 
in bulk, is rather lighter than common air, 
which favours the ſuppoſition of the fixed, or 
heavier'part of the common air, ' having been 
precipitated, _ N 


An 
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An animal will live nearly, if not quite as 
long, in air in which candles have burned out, 
as in common air. This fact ſurprized me very 
greatly, having imagined that what is called 
the conſumption of air by flame, or reſpiration, 
to have been of the ſame nature, and in the 
ſame degree ; but I have ſince found, that this 
fact has been obſerved by many perſons, and 
even ſo early as by Mr. Boyle: I have alſo 
obſerved, that air, in which brimſtone has 
| burned, is not in the leaſt injurious to animals, 
after the fumes, which at firſt make it very 
cloudy, have intirely ſubſided. - 


1 muſt, in this place, admoniſh my reader 
not to confound the ſimple burning of brimſtone, 
or of matches (i. e. bits of wood dipped in it) 
and the burning of brimſtone with a burning 
mirror, or any foreign beat. The effect of the 
former is nothing more than that of any other 
flame, or ignited vapour, which will not burn, 
unleſs the air with which it is ſurrounded be 
in & very pure ſtate, and which is therefore 
extinguiſhed when the air begins to be much 
vitiated. Lighted brimſtone, therefore, reduces 
the air to the ſame ſtate as lighted wood. But 
the focus of a burning mirror thrown for a ſuf- 
ficient time either upon brimſtone, or wood, 
after it has ceaſed to burn of its own accord, 
and has become charcoal, will have a much 
ac greater 
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greater effect of the ſame kind, diminiſhing 
the air to its utmoſt extent, and making it 
thoroughly noxious. In fact, as will be ſeen 
hereafter, more phlogiſton is expelled from 
theſe ſubſtances in the latter caſe than in the 
former. I never, indeed, actually carried this 
experiment ſo far with brimſtone; but, from 
the diminution of air that I did produce by 
this means, I concluded that, by continuing 
the proceſs ſome time longer, it would have 
been effected. 


Having read, in the Memoirs of the Philoſo- 
phical Society at Turin, vol. I. p. 41. that air in 
which candles had burned out was perfectly 
reſtored, ſo that other candles would burn in it 
again as well as ever, after having been expoſed 
to a conſiderable degree of cold, and likewiſe 
after having been compreſſed in bladders (for 
the cold had been ſuppoſed to have produced 
this effect by nothing but condenſation) I re- 
peated thoſe experiments, and did, indeed, find, 
that when I compreſſed the air in #/222ers, as 
the Count de Saluce, who made the obſervation, 
had done, the experiment ſucoeeded: but having 
had ſuffieient reaſon to diſtruſt bladders, I com- 
preſſed the air in a glaſs veſſel ſtanding in water; 
and then I found, that this proceſs is altogether - 
ineffectual for the purpoſe. Lkept the air com- 


* much more, and much longer, than the 
Count 
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Count had done; but without producing any 
alteration in it. I alſo find, that a greater de- 
gree of cold than that which he applied, and 
of longer continuance, did by no means reſtore 
this kind of air : for when I had expoſed the 
phials'which contained it a whole night, in 
which the froſt was very intenſe ; and alſo when 
I kept-it ſurrounded with a mixture of ſnow 
and falt, I found it, in all reſpects, the ſame as 


before d 


It is alſo advanced, Re the ſame Memoir, 
p. 41. that heat only, as the reverſe of cold, 
renders air unfit for candles burning in it, But 
I repeated the experiment of the Count forthat 
purpoſe, without finding any ſuch effect f 
it. I alſo remember that, many years ago, I 
filled ad exhauſted receiver with air, which had 
paſſed through a glaſs tube made red-hot, and 
found that a candle would-burn in it perfectiy 
well, Alfo, rarefaction by the air-pump does 
not e air in * leaſt — 


Though this Wie Sep failed, I * ben 
| fo happy, as by accident to have hit upon a 
method of reſtoring air, which has been injured 
by the burning of candles, and to have diſco- 
vered at leaſt one of the reſtoratives which na- 
ture employs for this purpoſe. It is uegelation. 
This reſtoration of vitiated air, I conjecture; is 
as E effected 


U 
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effected by plants imbibing the phlogiſtic matter 
with which it is overloaded by the burning of 
inflammable bodies. But whether there be any 
foundation for this conjecture or not, the fact 
is, I think, indiſputable. ſhall introduce the 
account of my experiments on this ſubje&, by 
reciting ſome of the obſervations which I made 
on the growing of 7875 in confined air, which 
led to this discovery. 


oOne might have imagined that, ſince common 'Y 
air is neceſſary to vegetable, as well as to animal 1 
life, both plants and animals had affected it in 
the ſame manner; and I own I had that expec- 
tation, when I firſt put a ſprig of mint into a 7 
glaſs-jar, ſtanding inverted in a veſſel of water: 
but when it had continued growing there for 1 
ſome months, I found that the air would neither 
extinguiſh a candle, nor was it at all inconve- 
nient to a mouſe, which I ou into it. 


The plant was not affected any otherwiſe than F 
was the neceſſary conſequence of its confined : 
ſituation; for plants growing in ſeveral other 

kinds of air, were all affected in the very ſame 
manner. Every ſucceſſion of leaves was more 
diminiſhed in ſize than the preceding, till, at 
length, they came to be no bigger chan the 
heads of pretty. mall pins. The root decayed, 
"wan the ſtalk alſo, beginning! from the root; 

52331 7 and 
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and yet the plant continued to grow upwards, 
drawing its nouriſhment through, a black and 
rotten ſtem. In the third or fourth ſet of leaves, 
long and white hairy filaments grew. from the 
inſertion of each leaf, and ſometimes from the 
body of the ſtem, ſhooting out as far as the 
veſſel in which it grew would permit, which, 
in my experiments, was about two inches. In 
this manner a ſprig of mint lived, the old plant 
decaying, and new ones ſhooting up in its place, 
but leſs and leſs continually, all the ſummer 


ſeaſon, 


In repeating this experiment, care muſt be 
taken to draw away all the, dead leaves from 
about the plant, leſt they ſhould putrefy, and 
affect the air. I have found that a freſh cab- 
bage leaf, put under a glaſs veſſel filled with 
common air, for the ſpace of one night only, 
has ſo affected the air, that a candle would 
aot burn in it the next morning, and yet 
the leaf had not RP any ſmell of Putre- 


faction. 


Finding that candles would burn very well in 
air in which plants had grown a long time, and 
having had ſome reaſon to think, that there was 
ſomething attending vegetation, which reſtored 
air that had been injured by reſpiration, 1 
choughe it was poſſible that the ſame proceſs 

E 2 might 
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might alſo reſtore the air that had been in- 
Jured by the burning of candies, 
Accordingly, on the 17th of Auguit 1771, 
I put a ſprig of mint into a quantity of air, in 
which a'wax candle had burned out, and found 
that, on'the 27th of the fame month, another 
candle burned perfectly well in it. This expe- 


riment I repeated, without the leaft variation 


in the event, not leſs than eight or ten times in 
the remainder of the ſummer. 


Several times I divided the quantity of air in 
which the candle had burned out, into two 
parts, and putting the plant into one of them, 
left the other in the ſame expoſure, contained, 
alfo, in a glaſs veſſel immerſed in water, but 
without any plant; and never failed to find, 
that a candle would 1 9 in e e gh but 
not in the latter. 5 


4 generally found that five or ſix days were 
ſuſicient to reſtore this air, when the plant was 
in its vigour; whereas I have kept this kind of 


air in glaſs veſſels, immerſed. in water many 


months, without being able to perceive that the 
leaſt alteration had been made in it. I have 
alfa tried a great variety of experiments upon 
it, as by condenſing, rarefying, expoſing to the 
light ond heat, &c. and throwing into it the 

1403 & 2 effluvia 


» A. 
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effluvia of many different ſubſtances, but with- 
out and effect, 


1 made in Sk year 1972, abun- 
dantly confirmed my concluſion concerning the 
reſtoration of air, in which candles had burned 
out by plants growing in it. The firſt of theſe 
experiments was made in the month of May ; 
and they were frequently repeated in that'and 
the two following noni without a fingle 
. | | 


For this purpoſe I uſed the flames of different 
fibllaners; though I generally uſed:wax-or tal- 
low candles. On the 24th of June the expe- 
riment ſucceeded perfectly well with air in 
which ſpirit of wine had burned out, and on 
the 27th of the ſame month it ſucceeded equally 
well with air in which brimſtone matches had 
burned out, an effect of which had deſpaired 


the preceding year. 
| This reſtoration of air, I found, depended 
upon the vegetating ſtate of the plant; for 
though I kept a great number of the freſh 
leaves of mint in a ſmall quantity of air in 
which candles had burned out, and . 
them frequently, for a long ſpace of time, I 
could perceive no W N in the 5 of 
| the air. WJ .Þþ | 
| E 3 This 
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This remarkable effect does not depend upon 
any thing peculiar to mint, which was the plant 
that I always made uſe of till July 1772; for 
on the x6th of that month, I found a quantity 
of this kind of air to be perfectly reſtored by 
ſprigs of balm, which had no in it from * 
you of the lame month. 


That this ee of air was not owing 
eu any aromatic effluvia of theſe two plants, not 
only appeared by the eſſential oil of mint having 
no ſenſible effect of this kind; but from the 
equally complete reſtoration of this vitiated air 
by the. plant called groundſel, which is uſually 
ranked among the weeds, and has an offenſive 
ſmell. This was the reſult of an experiment 
made the 16th of July, when the plant had 
been growing in the burned air from the 8th f 
the ſame month. Beſides, the plant which I 
have found to be the moſt effectual of any that 
I have tried for this purpoſe is pinacb, which 
is of quick growth, but will ſeldom thrive long 
in water. One jar of burned air was perfectly 
reſtored by this plant in four days, and another 
in two days. This laſt was obſerved on the 

22d of July: Ws 1 


"is geber this effect may de 3 to 

ibs taken place in much leſs time than I have 

mentioned ; ** 1 never choſe to make a 
| trial 
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trial of the air, till I was pretty ſure, from 
preceding obſervations, that the event which 
had expected muſt have taken place, if it 
would ſueceed at all; leſt, returning back that 
part of the air on which I made the trial, and 
which would thereby neceſſarily receive a ſmall 
mixture of common air, the experiment might 
not be judged to be quite fair; though I myſelf 
might be ſufficiently ſatisfied with reſpect to the 
allowance that was to be made far _ {mall 
CAT ve a un 268 


SECTION III. 
Of INFLAMMABLE AIR. n 


have generally made inflammable air in the 
manner deſcribed by Mr. Cavendiſh, in the 
Philoſophical Tranſactions, from iron, zinc, or 
tin; but chiefly from the two former metals, 
on account of the proceſs being the leaſt trou- 
bleſome : but when I extracted it from vege- 
table or animal ſubſtances, or from coals, I put 
them into a gun-barrel, to the orifice of which 
I luted a glaſs tube, or the ſtem of a tobacco- 
pipe, and to the end of this I tied a flaccid 
bladder, in order to catch the generated air; 
or I received the air in a veſſel of quickſilver, 

in the manner repreſented Fig. 7. 
8 E 4 | There 


4 
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There is not, I believe, any vegetable or 
animal ſubſtance whatever, nor any mineral 
ſubſtance, that is inflammable, but what will 


yield great plenty of inflammable air, when 


they ate treated in this manner, and urged with 
a ſtrong heat; but, in order to get the moſt 
air, the heat muſt be applied as ſuddenly, and 
as vehemently, as poſſible. For, notwithſtand- 
ing the ſame care be taken in luting, and in 
every other reſpect, fix or even ten times more 
air may be got by a ſudden heat than by a flow 
one, though the heat that is laſt applied be as 
intenſe as that which was applied ſuddenly. A 
bit of dry oak, weighing about twelve grains, 
will generally yield about a ſneep's bladder full 
of inflammable air with a briſk heat, when it 


will only give about two or three ounce mea- 


fures, if the ſame heat be applied to it very 
gradually. To what this difference is owing, 
I cannot tell. Perhaps the phlogiſton being 
extricated more ſlowly may not be intirely ex- 
pelled, but form another kind of union with 
its baſe; fo that charcoal made with a heat 
ſlowly applied ſhall contain more phlogiſton 
than that which is made with a ſudden heat. 


It may be worth while to examine the proper- 
ties of the charcoal with this view. 


$ Inflammable air, when it is made by a quick 
proceſs, has a very ſtrong and offenſive ow. 
* rom 
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from whatever ſubſtance it be. generated; but 
this ſmell is of three different kinds, according 
as the air is extracted from mineral, vegetable, 
or animal ſubſtances, The laſt is exceedingly 


fetid; and it makes no difference, whether it 


be extracted from a bone, or even an old and 
dry tooth; from foft muſcular fleſh, or any 
other part of the animal, The burning of any 
fubſtance occaſions the ſame ſmell : for the 
groſs fume which ariſes from them, before they 
flame, is the inflammable air they contain, 
which is expelled by heat, and then readily ig» 
nited. The ſmell of inflammable air is the very 
ſame, as far as I am able to perceive, from 


whatever ſubſtance of the ſame kingdom it be 


extracted. Thus it makes no difference whe- 
ther it be got from iron, zinc, or tin, from any 
kind of wood, or, as was obſerved n n 
any part of an animal. | 


If a quantity of inflammable air be contained 


in a glaſs veſſel ſtanding in water, and have 


been generated very faſt, it will ſmell even 


through the water, and this water will alſo ſoon 
become covered with a thin film, aſſuming all 
the different colours, If the inflammable air 
have been generated from iron, this matter 
will appear to be a red okre, or the earth of 

iron, as I have found by collecting a conſi- 


derable quantity of it; and if it have been ge- 
| nerated 


i \ 
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nerated from zinc, it is a whitiſh ſubſtance, 
which'I ſuppoſe to be the calx of the metal. 
It likewiſe ſettles to the bottom of the veſſel, 
and when the water is ſtirred, it has very much 
the appearance of wool. When water is once 
impregnated in this manner, it will continue to 
yield this ſcum for a conſiderable time after the 
air is removed from it. This I have often ob- 
ſerved with reſpect to iron. 


" * 
" 
Ca Gy ** 
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« Inflammable air, made by a violent efferve. 
ſcence, I have obſerved to be much more in- 
flammable than that which is made by a weak 
Efferveſcence, whether. the water or the oil of 
vitriol prevailed in the mixture. Alfa the of- 
Fenſive ſmell was much ſtronger in the former 
caſe than in the latter. The greater degree of 
inflammability appeared by the greater num- 
ber of ſucceſſive exploſions, when a candle was 
preſented to the neck of a phial filled with it“. 
It is poſſible, however, that this diminution of 
inflammability may, in ſome meaſure, ariſe 
from the air continuing ſo much longer in the 
bladder when it is made very ſlowly; though 
Jo try this, after every exploſion, which immediately 
"4 follows the preſeating of the flame, the mouth of the phial 
| mould be cloſed (I generally do it with a finger of the 
hand in which I hold the phial) for otherwiſe the inflam- 
' mable air will continue burning, though * in the 
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I think the difference is too great for this cauſe | 
to have produced the whole of it. It may, 
perhaps, deſerve to be tried by a different pro- 
8 7 8 a bladder. 


Amade air is not thought to be miſci- 
ble with water, and when kept many months, 
ſeems, in general, to be as inflammable as ever, 
Indeed, when it is extracted from vegetable or 
animal ſubſtances, a part of it will be imbibed 
by the water in which it ſtands; but it may be 
preſumed, that in this caſe, there was a mixture 
of fixed air extracted from the ſubſtance along 
with it. I have indiſputable evidence, how» 
ever, that inflammable air, ſtanding long in 
water, has actually loſt all its inflammability, 
and even come to extinguiſh flame much more 
than that air in which candles have burned 
out. After this change it appears to be greatly 
diminiſhed in quantity, and it ſtill continues to 
kill animals the moment they are put into it. 


This very e fact firſt occurred to 
my obſervation, on the twenty-fifth of May 
1771, when I was examining a quantity of in- 
flammable air, which had been made from zinc, 
near three years before. Upon this, I imme- 
diately ſet by a common quart-bottle filled with 
inflammable air from iron, and another equal 
quantity from zinc; and examining them in 

| the 
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the beginning of December following, that 
from the iron was reduced near one -half in 
quantity, if I be not greatly miſtaken; for 1 
found the bottle half full of water, and I am 
pretty clear that it was full of air when it was 
ſet by. That which had been produced from 
Zinc was not altered, and filled the bottle as at 


fiſt, 


dans W of this kind occurred to 
my obſervation on the 19th of June 1772, when 
a quantity of air, half of which had been in- 
flammable air from zinc, and half air in which 
mice had died, and which had been put to- 
gether the goth of July 1771, appeared not 
to be in the leaſt inflammable, but extinguiſhed 
flame, as much as any kind of air that I had 
ever tried. I think that, in all, I have had 
four inſtances of inflammable air loſing its in- 
4 al while it ſtood in water. 


T VINE? air tainted with putrefaction extin- 
guiſhes flame, I have not found that animals 
or vegetables putrefying in inflammable air 
render it leſs inflammable. But one quantity of 
inflammable air, which I had ſet by in May 
1771, along with the others above mentioned, 
had had ſome putrid fleſh in it; and this air 
had loft its inflammability, when it was exa- 


W at the _ 
a December 


Inflammable Ar. Fo 
December following. The bottle in which this 
air had been kept, ſmelled exactly like very 


ftrong Harrogate water. I do not think that 
any perſon could have diſtinguiſhed them. 


I have made plants grow for ſeveral months 
in inflammable air made from zinc, and alſo 
from oak ; but, though the plants grew pretty 
well, the air ſtill continued inflammable. The 
former, indeed, was not ſo highly inflammable 
as when it was freſh made, but the latter was 
quite as much ſo; and the diminution of in- 
flammability in the former caſe, I attribute to 
ſome other eauſe than the growth of the plant. 


No kind of air, on which I have yet made the 
experiment, will conduct electricity; but the 
colourof an electric ſpark is remarkably different 
in ſome different kinds of air, which ſeems to ſhew 
that they are not equally good non- conductors. 
In fixed air, the electric ſpark is exceedingly 
white; but in inflammable air it is of a purple, or 
red colour. Now, ſince the moſt vigorous ſparks 
ate always the whiteſt, and, in other caſes, when 
the ſpark is red, there is reaſon to think that the 
electrie matter paſſes with difficulty, and with 
leſs rapidity: it is poſſible that the inflammable 
atr may contain particles which conduct elee- 
tricity, though very imperfectly; and that the 
ne of the ſpark i in the fixed air, may be 

owing 
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owing to its meeting with no conducting parti- 
cles at all. When an exploſion was made in a 
quantity of inflammable air, it was a little white 
in the center, but the edges of it were ſtill 
tinged with a beautiful purple. The degree of 
whiteneſs in this caſe was probably owing to the 
electric matter ruſhing with more violence in an 
exploſion than in a common ſpark. 


Inflammable air kills animals as ſuddenly 
as fixed air, and, as far as can be perceived, 
in the ſame manner, throwing them into con- 
vulſions, and thereby occaſioning preſent death. 
T had imagined that, by animals dying in a quan- 
tity of inflammable air, it would in time be- 
come leſs noxious ; but this did not appear to 
be the caſe; for I killed a great number of mice 
in a ſmall quantity of this air, which I kept ſe- 
veral months for this purpoſe, without its being 
at all ſenſibly mended ; the laſt, as well as the 
firſt . mouſe, dying the moment it was put 
into 1t. 


I once imagined that, ſince fixed and inflam- 
mable air are the reverſe of one another, in ſe- 
veral remarkable properties, a mixture of them 
would make common air; and while I made the 
mixtures in bladders, I imagined that I had ſuc- 
ceeded in my attempt ; but I have ſince found 
that thin bladders do not ſufficiently prevent 
3 the 
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the air that is contained in them from mixing 
with the external air. Alſo corks will not ſuf- 
ficiently confine different kinds of air, unleſs 
the phials in which they are confined be ſet with 
their mouths downwards, and a little water lie 
in the necks of them, which, indeed, is equi- 
valent to the air ſtanding in veſſels immerſed in 
water. In this manner, however, I have kept 
different kinds of air for ſeveral years. 


% 


Whatever methods I took to promote the 
mixture of fixed and inflammable air, they were 
all ineffectual. I think it my duty, however, 
to recite the iſſue of an experiment or two of 
this kind, in which equal mixtures of theſe two 
kinds of air had ſtood near three years, as they 
ſeem to ſhew that they had in part affected one 
another, in that long ſpace of time. Theſe 
mixtures I examined April 27, 1771. One of 
them had ſtood in quickſilver, and the other in 
a corked phial, with a little water in it. On 
opening the latter in water, the water inſtantly 
ruſhed in, and filled almoſt half of the phial, 
and very little more was abſorbed afterwards. 
In this caſe the water in the phial had probably 
abſorbed a conſiderable part of: the fixed air, 
ſo that the inflammable air was exceedingly ra- 
refied; and yet the whole quantity that muſt 
have been rendered non-elaſtic was ten times 
more than the bulk of the water, and it has not 
EY | been 
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been found that water can contain much 
more than its on bulk of fixed air. But in 
other caſes I have found the diminution of a 
quantity of air, and eſpecially of fixed air, to 
be much greater than I could well account for 
by * kind of abſorption, | | 


The phial which had ſtood immerſeũ in quick- 
ſilver had loſt very little of its original quantity 
of air; and being now opened in water, and left 
there, along with another phial, which was juſt 
then filled, as this had been three years before, 
viz. with air half inflammable and half fixed, 
I obſerved that the quantity of both was di- 
miniſned, by the abſorption of the _ in the 


ſame proportion. 


Upon applying a candle to the mouths of 
the phials which had been kept three years, 
that which had ſtood in quickſilver went off at 
one exploſion, exactly as it would have done 
if there had been a mixture of common air 
with the inflammable. As a good deal depends 
upon the apertures of the veſſels in which the 
inflammable air is mixed, I mixed the two 
kinds of air in equal proportions in the ſame 
| PÞhial, and after letting the phial ſtand ſome 

days in water, that the fixed air might be abs 
ſorbed, I applied a candle to it; but it made 


ten or twelve exploſions (ſtopping the phial 


after 
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matter was exhauſted. 


The air which had been confined in the cork- 
ed phial exploded in the very ſame manner as 
an equal and freſh mixture of the two kinds 
of air in the ſame phial, the experiment being 
made as ſoon as the fixed air was abſorbed, as 
before; ſo that in this caſe, the two kinds of 
air did not ſeem to have affected one another 
at. all. 


: Conſidering inflammable air as air united to 
or loaded with phlogiſton, I expoſed to it ſeye- 
ral ſubſtances, which are ſaid to have a near 
affinity with phlogiſton, as oil of vitriol, and 
ſpirit of nitre (the former for above a month), 

but without making any ſenſible alteration in it, 


1 obſerved; however, that inflammable air, 
mixed with the fumes of ſmoking ſpirit of 
nitre, goes off at one exploſion, exactly like a 
mixture of half common and half inflammable 
air. This I tried ſeveral times, by throwing 
the inflammable air into a phial full of ſpirit 
of nitre, with its mouth immerſed in a baſon 
containing ſome of the ſame ſpirit, and then 
applying the flame of a candle to the mouth of 
the phial, the moment that it was uncovered, 
after it had been taken out of the baſon. 


F This 


after each of them) before the inflammable 


- 
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This remarkable effect I haſtily, concluded 
to have ariſen from the inflammahle air having 
been 1n part deprived of its inflammability, by 
means of the. ſtronger affinity, which the ſpirit 
of nitre had with phlogiſton, and therefore b 

imagined that by letting them ſtand longer in 
contact, and eſpecially by agitating themſtrong- 
ly together, I ſhould deprive the air of all its 
inflammability; but neither of theſe operations 
ſucceeded, ſor ſtill the air was only ER 
at once, as before. ; 


And laſtly, FRET paſſed a quantity of in- 
flammable air, which had been mixed with the 
fumes. of ſpirit of nitre, through a body of 
water, and received it in another veſſel, it ap- 
| ed not to have undergone any change at all, 

For it went off in ſeveral ſucceſſive exploſions, 
like the pureſt inflammable air. The effect 

abovementioned muſt, therefore, have been 
owing to the fumes of the ſpirit of nitre ſup- 

plying the place of common air for the purpoſe 
of ignition, which is analogous to other expe- 
riments with nitre. 

; thaving had the curioſity, on the 2 5th, of 

July 1772, to expoſe a great variety of different 
kinds of air to water out of which theair it con» 
* tained had been boiled, without any particular 
view; the reſult was, in ſeveral, reſpects, alta, 
| gether 


— 
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gether unexpected, and led to a variety of new 
obſervations on the properties and affinities of | 
ſeveral kinds of air with reſpect to water. 
Among the reſt three fourths of that which 
was inflammable was abſorbed by the water in 
about two days; and the remainder was inflam- 
riable, bur weakly ſo. 


Upon this, I began to agitate a quantity of 
ſtrong inflammable air in a glaſs jar, ſtanding + 
in a pretty large trough of water, the ſurface 
of which was expoſed to the common air, and 
I found that when I had continued the opera- 
tion about ten minutes, near one fourth of the 
quantity of air had diſappeared; and finding 
that the remainder made an efferveſcence with 
nitrous air, I concluded that it muſt haye be- 
come fit for reſpiration, whereas this kind of 
air is, at the firſt, as noxious as any other kind 
whatever. To aſcertain this, I put a mouſe 
into a veſſel containing 25 ounce meaſures of 
it, and obſerved that it lived i in it twenty mi- 
nutes, which is as long as a mouſe will gene- 
rally live in the'ſame quantity of common air. 
This mouſe was even taken out alive, and re- 
covered very well. Still alſo the air in which 
jt had breathed fo long was inffammable, though 
very weakly ſo. I have even found it to be 

fo when a mouſe has actually died in it. In- 


flammable air thus diminiſhed by agitation in 
F 3 water, 
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water, makes but one exploſion on the approach 
of a candle, exactly like a mixture of inflam- 
mable air with common air, 


From this experiment I MELO" that, by 
continuing the ſame proceſs, I ſhould deprive 
inflammable air of all its-inflammability, and 
this I found to be the caſe; for, after a longer 
. agitation, it admitted a candle to -burn in- it, 
like common air, only more faintly and in- 
deed by the teſt of nitrous air it did not appear 
to be near ſo good as common air. Continuing 
the ſame proceſs ſtill farther, the air which had 
been moſt ſtrongly inflammable a little before, 
came to extinguiſh a candle, exactly like air in 
which a candle had burned out, nor could they 
be diſtinguiſhed by the teſt of nitrous. air. 


1 fold; by repeated Bud ! 23 was diff- 
cult to Bec the time in which inflammable air 
obtained from metals, in coming to extinguiſh 
flame, was in the ſtate of common air, ſo that 
the tranſition from the one to the other mult be 
very ſhort. Indeed I think that in many, per- 
haps in molt caſes, there may be no proper me- 
dium at all, the phlogiſton paſling at once from 
that mode of union with its baſe which conſti- 
tutes inf ammable air, to that which conſtitutes 
an air that extinguiſhes flame, being ſo much 
overloaded as $0 admit of no more, 1 readily, 

8 hows 
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however, found this middle ſtate in a quantity 
of inflammable air extracted from oak, which 
air I had kept a year, and in which a plant had 
grown, though very poorly, for ſome part of 
the time. A quantity of this air, after being 
agitated in water till it was diminiſhed about 
one half, admitted a candle to burn in it ex- 
ceedingly well, and was even hardly to be diſ- 
tinguiſhed from common air by the teſt of ni- 
trous air. | 


I took ſome pains to aſcertain the quantity 
of diminution, in freſh-made and very highly- 
inflammable air from iron, at which it ceaſed to 
be inflammable, and, upon the whole, I con- 
cluded that it was ſo when it was diminiſhed a 
little more than one half: for a quantity which 
was diminiſhed exactly one half had ſomething - 
inflammable in it, but in the ſlighteſt degree 
imaginable. It is not improbable, however, but 
there may be great differences in the reſult of ' 
this experiment. | 


Finding that water would imbibe inflammable 
air, I endeavoured to impregnate water with it, 
by the ſame proceſs by which I had made water 
imbibe fixed air; but though I found that dif- 
tilled water would imbibe about one fourteenth 
of its bulk of inflammable air, I could not per- 
ceive chat the taſte of it was ſenſibly altered. 
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SECTION IV. 


Py — 


of Alx i adtad with ANIMAL RESPIRATION, or 
PUTREFACTION, 


T hat candles will burn only a certain time, 


in a given quantity of air is a fa& not better 
known, than it is that animals can live only a cer- 
tain time in it; but the cauſe of the death of the 
animal is not better known than that of the ex- 


tinction of flame in the ſame circumſtances; and | 


when once any quantity of air has been ren- 


dered noxious by animals breathing i in it as lang 


as they could, I do not know that any methods 


have been diſcovered of rendering it fit for 


breathing again. It is evident, however, that 


there muſt be ſome proviſion in nature for this 


purpoſe, as well as for that of rendering the 


air fit for ſuſtaining flame; for without it the 


whole maſs of the atmoſphere would, in time, 


become unfit for the purpoſe of animal life; 
and yet there is no reaſon to think that it is, at 
preſent, at all leſs fit for reſpiration than it has 
ever been. I flatter myſelf, however, that 1 


have hit upon two of the methods employed 


by nature for this great purpoſe. How many 


others there may be, I cannot tell. 
When 


C..: - 


1 
-* 
1 


1 
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When animals die upon being put into air in 
which other animals have died, after breathing 
in it as long as they could, it is plain that the 
cauſe of their death is not the want of any 
pabulum vitæ, which has been ſuppoſed to be 
contained in the air, but on account of the air 
being impregnated with ſomething ſtimulating 
to their lungs ; for they almoſt always die in 


convulſions, and are ſometimes affected ſo ſud- 


denly, that they are irrecoverable after a ſingle 
inſpiration, though they be withdrawn imme- 
diately, and every method has been taken to 
bring them to life again. They are affected in 
the ſame manner, when they are killed in any 
other kind of noxious air that I have tried, 
viz. fixed air, inflammable air, air filled with 
the fumes of brimſtone, infected with putrid 
matter, in which a mixture of iron filings and 
brimſtone has ſtood, or in which charcoal has 
been burned, or metals calcined, or in nitrous 


air, &c. g 


As it is known that convulfions weaken, and 
exhauſt the vital powers, much more than the 
moſt vigorous voluntary action of the muſcles, 
perhaps theſe univerſal convulſions may exhauſt 
the whole of what we may call the vis vitæ at 


once; at leaſt that the lungs may be rendered 


abſolutely incapable of ation, un the animal be 
ä ſuffo- 


— irre 
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ſuffocated, or be irrecoverable for want of re- 
ſpiration. 


If a mouſe (which is an animal that I have 
commonly made uſe of for the purpoſe of theſe 
experiments) can ſtand the firſt ſnock of this 
ſtimulus, or has been habituated to it by de- 
grees, it will live a conſiderable time in air in 
which other mice will die inſtantaneouſly. 1 
have frequently. found that when a number of 
mice have been confined in a given quantity of 
air, leſs than half the time that they have ac- 
tually lived in it, a freſh mouſe being i intro- 
duced to them has been inſtantly thrown into 
convulſions, and died. It is evident, therefore, 
that if the experiment of the Black Hole were 
to be repeated, a man would ſtand the better 
chance of ſurviving it, who ſhould enter at the 
firſt, than at the laſt hour. 


I have alſo obſerved, that young mice will 
always live much longer than old ones, or than 
thoſe which are full grown, when they are con- 
fined in the ſame quantity of air. I have ſome- 
times known a young mouſe to live ſix hours in 
the ſame circumſtances in which an old mouſe 


has not lived one. On theſe accounts, experi- 


ments with mice, and, for the ſame reaſon, no 
doubt, with other animals alſo, have a conſider- 
able degree of uncertainty attending them; and 

therefore, 
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therefore, it is neceſſary to repeat them fre- 
quently, before the reſult can be abſolutely de- 
pended upon. But every perſon of feeling will 
rejoice with me in the diſcovery of nitrous air, 
to be mentioned hereafter, which ſuperſedes 
many experiments with the reſpiration of ani- 
mals, being a much more accurate teſt of the 
purity of air. 


The diſcovery of the proviſion in nature for 
reſtoring air, which has been injured by the re- 
ſpiration of animals, having long appeared to 
me to be one of the moſt important problems in 
natural philoſophy, I have tried a great variety 
of ſchemes in order to effect it. In theſe, my guide 
has generally been to conſider the influences to 
which the atmoſphere is, in fact, expoſed; and, 
as ſome of my unſucceſsful trials may be of uſe 
to thoſe who are diſpoſed to take pains in the 
farther inveſtigation of this ſubject, I ſhall men- 
tion the principal of them, | 


The noxious effluvium with which air is 
loaded by animal reſpiration, is not abſorbed by 
ſtanding, without agitation, in freſh or ſalt wa- 
ter. I have kept it many months in freſh water, 
when, inſtead of being meliorated, it has ſeemed 
to become even more deadly, ſo as to require 
more time to reſtore it, by the methods which 
will be explained hereafter, than air which has 

been 
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been lately made noxious. I have even ſpent 
ſeveral hours in pouring this air from one glaſs 


veſſel into another, in water, ſometimes as cold, 


and ſometimes as warm, as my hands could 


bear it, and have ſometimes alſo wiped the 


veſſels many times, during the courſe of the ex- 
periment, in order to take off that part of the 
noxious matter, which might adhere to the glaſs 


f | veſſels, and which evidently gave them an of- 


fenſive ſmell; but all theſe methods were gene- 
rally without any ſenſible effect. The motion, 
alſo, which the air received in theſe cireum- 
ſtances, -it is very evident, was of no uſe for 
this purpoſe. I had not then thought of the 
ſimple, but moſt effectual method of agitating 
air in water, by putting it into à tall jar and 

dre it with oy hand. j vi 


* his kind of air is not — by being ex- 
poſed to the light, or by any other influence to 
which it 1s expoſed, when confined in a thin 
phial, in the open air, for ſome months. 


Among other expefiments, I tried a great va- 


riety of different Muvia, which are continually 


exhaling into the air, eſpecially of thoſe ſub- 
ſtances which are known to reſiſt putrefaction; 
but I could not by theſe means effect any meli- 
oration of * noxious me * this kind ya 


air. 
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Having read, in the Memoirs of the Imperial 
Society, of a plague not affecting a particular 
village, in which there was a large ſulphur- 
work, I immediately fumigated a quantity of 
this kind of air; or (which will hereafter ap- 
pear to be the very ſame thing) air tainted with 
putrefaction, with the fumes of burning brim- 
ſtone, but without any effect. 


I once imagined, that the nitrous acid in the 
air might be the general reſtorative which I was 
in queſt of; and the conjecture was favoured, 
by finding that candles would burn in air ex- 
_ tracted from ſaltpetre. I therefore ſpent a good 
deal of time in atterapting, by a burning-glaſs, 
and other means, to impregnate this noxious air 
with ſome effluvium of faltpetre, and, with the 
ſame view, introduced into it the fumes of the 
ſmoaking ſpirit of nitre ; but both theſe me- 
thods were altogether ineffectual. 


In order to try the effect of heat, I put a 
quantity of air, in which mice had died, into 
a bladder, tied to the end of the ſtem of a to- 
bacco-pipe, at the other end of which was ano- 
ther bladder, out of which the air was carefully 
preſſed, I then put the middle part of the ſtem 
into a chafing- diſn of hot coals, ſtrongly urged 
with a pair of bellows; and, preſſing the blad- 
ders alternately, I made the air paſs ſeveral 

3 » times 


| 
| 
: 
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times through the heated part of the pipe. 1 
have alſo made this kind of air very hot, ſtand- 
ing in water before the fire. But neither of 
theſe methods were of any uſe. PROM 


e on 


Rarefaction and condenſation by inſtruments 
were alſo * but in vain. 


Thinking it poſſible that the earth might im- 
bibe the noxious quality of the air, and thence 


ſupply the roots of plants with ſuch putreſcent 


matter as is known to be nutritive to them, I 
kept a quantity of air in which mice had died, 
in a phial, one half of which was filled with 
fine garden-mould ; but, though it ſtood two 
months in theſe circumſtances, it was not the 
better for it. | 1 


LI once imagined that, ſince ſeveral kinds of 

air cannot be long ſeparated from common air, 
by being confined in bladders, in bottles well 
corked, or even cloſed with ground ſtopples, 
the affinity between this noxious air and the 
common air might be ſo great, that they would 
mix through a body of water interpoſed be- 

tween them ; the water continvally receiving 
from the one, and piving to the other, efpeci- 
ally as water receives ſome kind of impregna- 

tion from, I believe, every kind of air to 
which it is contiguous; but I have ſeen no 
| reaſon 


Air infected with Animal Reſpiration, &c. 77 


reaſon to conclude, that a mixture of any kind 
of air with the common air can be produced 
in this manner. 


I have kept air in which mice have died, 
air in which candles have burned out, and in- 
flammable air, ſeparated from the common air, 
by the ſlighteſt partition of water that I could 
well make, ſo that it might not evaporate in a 
day or two, if I ſhould happen not to attend to 
them; but I found no change in them after a 
month or ſix weeks. The inflammable air was 
ſtill inflammable, mice died inſtantly in the air 
in which other mice had died before, and can- 
dles would not burn where they had burned 
out before. | 


Since- air tainted with animal or vegetable 
putrefaction is the ſame thing with air rendered 
noxious by animal reſpiration, I ſhall now re- 
cite the obſervations which L have made upon 
this kind of air, before I treat of Fe method 
of reſtoring them. 


That theſe two kinds of air are, in fact, the 
{ame thing, I.conclude from their having ſeve- 
ral remarkable common properties, and from 
their differing in nothing that I have been able 
to obſerve. They equally extinguiſh flame, 
bey are equally noxious to animals, they are 

. equally, 
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equally, and in the ſame way, offenſive to the 


ſmell, they equally precipitate lime in lime- 
water, and they are reſtored by the ſame-means. 


Since air which has paſſed through the lungs 
is the ſame thing with air tainted with animal 
putrefaction, it is probable that one uſe of the 
lungs is to carry off a putrid effluvium, without 
1 which, perhaps, a 0 body might putrefy 
q [- as ſoon as a dead one. | 


1 When 5 putrefies in any given quan- 
14 tity of air, the bulk of it is generally increaſed 
14 for a few days; but in a few days more it be- 
14 gins to ſhrink up, and in about eight or ten 
days, if the weather be pretty warm, it will 
be found to be diminiſhed 2, or 4 of its 
bulk. If it do not appear to be-diminifhed 
after this time, it only requires to be paſſed 
through water, and the diminution will not fail 
to be ſenſible. I have ſometimes known almoſt 
the whole diminution to take place, upon once 
or twice paſſing through the water. The ſame 
is the caſe with air, in which animals have 
breathed as long as they could. Alſo, air in 
which candles have burned out may almoſt al- 
ways be farther reduced by this means. 


All. that proceſſes, as I obſerved. a. 
ſcem to. diſpoſe the compound mals of air to 


Part 
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part with ſome conſtituent part belonging to it 
(which appears to be the fixed air that enters 
into its conſtitution) and this being miſcible 
with water, muſt be brought into contact with 
it, in order to mix with it to the moſt ad- 
vantage, eſpecially when irs union with the 
other conſtituent principles of the air is s but 
partially broken. 


"aw 7 


I have put mice into veſſels which had: Gels 
mouths immerſed in quickfilver, and obſerved 
that the air was not much contracted after they 
were dead or cold; but upon withdrawing the 
mice, and admitting lime-water to the air, it 
immediately became turbid, and was contracted 
in its dimenſions as uſual, 


I iried ihe ſurie: thing la Air 8 wich 
putrefaction, putting a dead mouſe to a quan- 
tity of common air, in a veſſel which had its 
mouth immerſed in quickſilver, and after week 
took the mouſe out, drawing it through the 
quickſilver, and obſerved that, for ſome time, 
there was an en increaſe of, the air per- 
haps about . After this, it ſtood two days 
in the quiekſilyer, without any ſenſible altera - 
tion; and then admitting water to it, it began 
to be abſorbed, and continued ſo, till the ori- 
ginal quantity was diminiſhed ahout . If, in · 
ſtead of common water, I had made uſe of lime- 


Water 
* 
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ater in this experiment, L make no doubt but 
1t would hays become duni. 


#4 


Ik a a 8 of lime-water i in a phial be put 
under a glaſs yeſſel ſtanding. in water, it will 
not become turbid, and provided the acceſs of 
the common air be prevented, it will continue 
lime- water, I do not know how long g but if 


a a mouſe be left to putrefy in the veſſel, the 


Water will depoſit all its lime in a few days. 
This is owing, to the fixed air depoſited by the 
mmon air, and perhaps alſo from more fixed 
f air diſcharged from the putrefying ſubſtances 
in ſome par ”: the proceſs of Putrefaction. 17 


1 


The air 1 ** is diſcharged Gon id ing 
ſubſtances ſeems, in ſome caſes, to be chiefly 
fixed air, with the addition of ſome other efflu- 
vium, which has the power of diminiſhing com- 
mon air. The reſemblance between the true 
putrid effluvium and fixed air in the following 
experiment, which is as deciſive as I can poſ- 
ſibly contrive it, appeared to be very great; 
indeed, much greater than I had expected. I 
put a dead mouſe into a tall glaſs veſſel, and 
having filled the remainder with quickſilver, 


and ſet it, inverted; in a pot of quickſilver, I 


let it ſtand about two months, in which time 
the putrid effluvium iſſuing from the mouſe 
| — the whale veſſel, and part of the diſ- 

1591 ſolred 
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ſolved blood, which lodged upon the ſurface 
of the quickſilver, began to be thrown out. 
I then filled another glaſs veſſel, of the ſame 
ſize and ſhape, with as pure fixed air as I 
could make, and expoſed them both, at the 
ſame time, to a quantity of lime-water. In 
both caſes the water grew turbid alike, it roſe 
equally faſt in both the veſſels, and likewiſe 
equally high ; ſo that about the ſame quantity 
remained unabſorbed by the water. One of 
theſe kinds of air, however, was exceedingly 
ſweet and pleaſant, and the other inſufferably 
offenſive ; one of them alſo would have made 
an addition to any quantity of common air 
with which it had been mixed, and the other 
would have diminiſhed it, This, at leaft, would 
have been the conſequence, if the mouſe itſelf 
had putrefied in any quantity of common air. 


It ſeems to depend, in ſome meaſure, upon 
the time, and other circumſtances, in the diſſo- 
lution of animal or vegetable ſubſtances, whe= 
ther they yield the proper putrid effluvium, or 
fixed, or inflammable air; but the experiments 
which I have made upon this ſubje&, have not 
been numerous enough to enable me to decide 
with certainty concerning thoſe circumſtances, 


Putrid cabbage, green ar boiled; infects 
the air in the very ſame manner as putrid 
A animal 
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animal ſubſtances. Air thus tainted is equally 
contradtet] | in its dimenſions, it equally extin- 

es flame, and is equally noxious to ani- 
mals; but they affect the air very differently, 
if the heat that is applied to them be con- 
fiderable.  - 


If beef or mutton, raw or boiled, be placed 
ſo near to the fire, that the heat to which it is 
expoſed ſhall equal, or rather exceed, that of 
the blood, a conſiderable quantity of air will be 
generated in a day or two, about th of which I 
have generally found to be abforbed by water, 
while all the reſt was inflammable ; but air 

generated from yegetables, in the ſame circum- 
| ſtances, will be almoſt all fixed air, and no part 
of it inflammable. This I have repeated again 
and again, the whole proceſs being in quick- 
filver ; ſo that neither common air, nor water, 
had any acceſs to the ſubſtance on which the 
experiment was made; and the generation of 
air, or effluvium of any kind, except what 
might be abſorbed by quickfilver, or reſorbed 
by the fubſtance itſelf, * be diſtinctly 
noted. | 


A vegetable ſubſtance, after ſtanding a day 
or two in theſe circumſtances, will yield nearly 
all the air that can be extracted from it, in that 
degree of heat; whereas an animal ſubſtance 

will 
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will continue to give more air or efluvium, of 
ſome kind or other, with very little alteration, 
for many weeks: It is remarkable, however, 
that though a piece of beef or mutton, plunged 
in quickſilver, and kept in this degree of heat, 
yield air, the bulk of Which is inflammable, 
and contracts no putrid ſmell (at leaſt, in a day 
or two) a mouſe treated in the ſame manner, 
yields the proper putrid efluvium, as indeed 

the ſmell ſufficiently indicates, ; 


That the putrid effuvium will mix with 
water ſeems to be evident from the following 
experiment. If a mouſe be put into a jar full 
of water, ſtanding with its mouth inverted in 
another veſſel of water, a conſiderable quantity 
of elaſtic matter (and which may, therefore, 
be called air) will ſoon be generated, unleſs the 
weather be ſo cold as to check all putrefaction. 
After a ſhort time, the water contracts an ex- 
tremely fetid and offenſive ſmell, which ſeems 
to indicate that the putrid efluvium pervades 
the water, and affects the neighbouring air; 
and ſince, after this, there is often no increaſe 
of the air, that ſeems to be the very ſubſtance 
which is carried off through the water, as faſt 
as it is generated; and the offenſive ſmell is a 
ſufficient proof that it is not fixed air, For 
this has a very agreeable flavour, whether it be 


| produced by fermentation, or extracted from 
G 2 chalk 
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chalk by oil of vitriol; affecting not only the 
mouth, but even the noſtrils, with a pungency 
which 1s peculiarly pleaſing to a certain degree, 
as any perſon may eaſily ſatisfy himſelf, who 
will chuſe to make the experiment. 


If the water in which the mouſe was im- 
merſed, and which is ſaturated with the putrid 
air, be changed, the greater part of the putrid 
air will, in a day or two, be abſorbed, though 
the mouſe continues to yield the putrid eflu- 
vium as before; for as ſoon as this freſh water 
becomes ſaturated with it, it begins to be offen- 
five to the ſmell, and the quantity of the putrid 
air upon its ſurface increaſes as before. I kept 
a mouſe producing putrid air in this manner 
for the ſpace of ſeveral months. 


Six ounce meaſures of air not readily abſorbed 
by water, appeared to have been generated from 
one mouſe, which had been putrefying eleven 
days 1n confined air, before it was put into a 
Jar which was quite filled with water, for the 
purpoſe of this obſervation. 


Air thus generated from putrid mice ſtanding 
in water, without any mixture of common air, 
extinguiſhes flame, and. is noxious to animals, 
but not more ſo than common air only tainted 
with putrefaction. It is exceedingly difficult 

f and 
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and tediaus to collect a quantity of this putrid 
air, not miſcible in water, ſo very great a pro- 
portion of what is collected being abſorbed by 
the water in which it is kept; but what that 
proportion is, I have not endeavoured to aſcer- 
tain. It is probably the ſame proportion that 
that part of fixed air, which is not readily 
abſorbed by water, bears to the reſt; and there- 
fore this air, which I at firſt diſtinguiſhed by 
the name of the putrid NMuvium, is probably the 
ſame with fixed air, mixed with the phlogiſtic 
matter, which, in this and other proceſſes, di- 
miniſhes common air. 


Though a quantity of common air be di- | 
miniſhed by any ſubſtance putrefying in it, I 
have not yet found the ſame effect to be pro- 


duced by a mixture of putrid air with common 


air; but, in the manner in which I have hither- 
to made the experiment, I was obliged to let 
the putrid air paſs through a body of water, 
which might inſtantly abſorb the phlogiſtic 
matter that diminiſhed the common air. 


Inſects of various kinds live perfectly well 
in air tainted with animal or vegetable putre- 
faction, when a ſingle inſpiration of it would 
have inſtantly killed any other animal. I have 
frequently tried the experiment with flies and 
burrerilies: The aphides alſo will thrive as well 
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upon plants growing in this kind of air, as in 
the open air. I have even been frequently 
obliged to take plants out of the putrid air in 
which they were growing, on purpoſe to bruſh 
away the ſwarms of theſe inſects which infected 
them; and yet ſo effectually did ſome of them 
conceal themſelyes, and ſo faſt did they mul- 
tiply, in theſe circumſtances, that I could ſel- 
dom keep the plants quite clear of them, 


When air has been freſhly and. ſtrongly 
tainted with putrefaction, ſo as to ſmell through 
the water, ſprigs of mint have preſently died, 
upon being put into it, their leaves turning 
black; but if they do not die preſently, they 
thriye in a. moſt ſurprizing manner. In no 
| other circumſtances have I ever ſeen vegetation 
ſo vigorous. as in this kind of air, which is 
immediately fatal to animal life. Though theſe 
plants have been crouded in jars filled with this 
air, every leaf has been full of life; freſh ſhoots 
haye branched out in various directions, and have 
grown much faſter than other ſmilar plants, 
growing in the ſame expoſure in common air. 


This obſervation led me to conclude, that 
plants, inſtead of affecting the air in the ſame 
manner with animal reſpiration, reverſe the 
effects of breathing, and tend to keep the atmo- 
ſphere. fie and wholeſome, when it is become 

noxious, 
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noxious, in conſequence of animals either living 
and breathing, or dying and putrefying in it. 


In order to aſcertain this, I took a quantity 
of air, made thoroughly noxious, by mice 
breathing and dying in it, and divided it into 
two parts; one of which I put into a phial 
immerſed in water; and to the other (which 
was contained in a glaſs jar, ſtanding in water) 
I put a ſprig of mint, This was about the 
beginning of Auguſt 1771, and after eight or 
nine days, I found that a mouſe lived perfe&ly 
well in that part of the air, in which the ſprig 
of mint had grown, but died the moment it was 
put into the other part of the ſame original quan- 
tity of air; and which I had kept in the very ſame 

expoſure, but without any plant growing in it, 


This experiment I have ſeveral times re- 
peated; ſometimes uſing air in which animals 
had breathed and died; and at other times 
uſing air tainted with vegetable or animal pu- 
trefaction; and generally with the ſame ſucceſs. 


Once, I let a mouſe live and die in a quantity 
of air which had been noxious, but which had 
been reſtored by this proceſs, and ĩt lived nearly 
as long as I conjectured it might have done in 
an equal quantity of freſn air; but this is ſa 
exceedingly various, that it is not eaſy to form 

ww. any 
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any judgment from it; and in this caſe the 


ſymptom of difficult reſpiration ſeemed to begin 
earlier than it would have done in common air. 


Since the plants that I made uſe of manifeſt- 
ly grow and thrive in putrid air; ſince putrid 
matter is well known to afford proper nouriſh- 
ment for the roots of plants; and fince it is 
likewiſe certain that they receive nouriſhment 
by their leaves as well as by their roots, it 
ſeems to be exceedingly probable, that the 
putrid effluvium is in ſome meaſure extracted 
from the air, by means of the leaves of plants, 
and therefore that they render the remainder 
more fit for reſpiration. 


Towards the end of the year ſome experi- 
ments of this kind did not anſwer ſo well as they 
had done before, and I had inſtances of the re- 
lapſing of this reſtored air to its former noxious 
ſtate. I therefore ſuſpended my judgment con- 
cerning the efficacy of plants to reſtore this kind 
of noxious air, till I ſhould have an opportunity 
of repeating my experiments, and giving more 

attention to them, Accordingly I reſumed the 
experiments in the ſummer of the year 1772, 
when 1 preſently had the moſt indiſputable proof 


of the reſtoration of putrid air by vegetation; and 
as the fact is of ſome importance, and the ſubſe- 


you variation in the ſtate of this kind of air is 
a little 


* 
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a little remarkable, I think it neceſſary to relate 
ſome of the facts pretty circumſtantially, 


The air, on which I made the firſt experi- 
ments, was rendered exceedingly noxious by 
mice dying in it on the 2oth of June. Into a 
Jar nearly filled with one part of this air, I put 
a ſprig of mint, while I kept another part of 
it in a phial, in the ſame expoſure; and on the 
27th of the ſame month, and not before, I 
made a trial of them, by introducing a mouſe 
into a glaſs veſſel, containing 24 ounce mea- 
ſures filled with each kind of air; and I noted 
the following facts, 


When the veſſel was filled with the air in 
which the mint had grown, a very large mouſe 
lived five minutes 1a it, before it began to ſhew 
any ſign of uneaſineſs. I then took it out, 
and found it to be as ſtrong and vigorous as 
when it was firſt put in; whereas in that air 
which had been kept in the phial only, without 
a plant growing in it, a younger mouſe con- 
tinued not longer than two or three ſeconds, 
and was taken out quite dead. It never breathed 
after, and was immediately motionleſs. After 
half an hour, in which time the larger mouſe 
(which I had kept alive, that the experiment 
might be made on both the kinds of air with 
the very ſame animal) would have been ſuffi- 

ciently 
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| ciently recruited, ſuppoſing it to have received 
any injury by the former experiment, was put 
into the ſame veſſel of air; but though it was 
withdrawn again, after being in it hardly one 
' ſecond, it was recovered with difficulty, not 
being able to ſtir from the place for near a. 
minute. After two days, I put the ſame mouſe 
into an equal quantity of common air, and 
obſerved that it continued ſeven minutes with- 
out any ſign of uneaſineſs; and being very 
uneaſy after three minutes longer, I took it out. 
Upon the whole, I concluded that the reſtored 
air wanted about one fourth-of being as whole- 
ſome as common air. The ſame thing alſo ap- 
peared when I applied the teſt of nitrous air. 


In the ſeven days, in which the mint was 
growing in this jar of noxious air; three old 
ſhoots had ext&ded themſelves about three 
inches, and ſeveral new ones had made their 
1 appearance in the ſame time, Dr. Franklin and 
1 Sir John Pringle happened to be with me, when 
1 the plant had been three or four days in this 
ſtate, and took notice of its vigorous vegeta- 

tion, and remarkably healthy appearance in 

that confinement. * 


On the Zoth of the ſame month, a mouſe 
lived fourteen minutes, breathing naturally all 
the time, and without appearing to be much 

| | unealy, 
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uneaſy, till the laſt two minutes, in the veſſel 
containing two ounce meaſures and a half of 
air which had been rendered noxious by mice 
breathing in it almoſt a year before, and which 
I had found to be moſt highly noxious on the 

19th of this month, a plant having grown in 
it, but not exceedingly well, theſe eleven days; 
on which account I had deferred making the 
trial ſo long. The reſtored air was affected by 
a mixture of nitrous air, almoſt as much as 


common air. 


As this putrid air was thus eaſily reſtored to 
a conſiderable degree of fitneſs for reſpiration, 
by plants growing in it, I was in hopes that by 
the ſame means it might in time be ſo much 
more perfectly reſtored; that a candle would 
burn in it; and for this purpoſe I kept plants 
growing in the jars which contained this air till 
the middle of Auguſt following, but did not 
take ſufficient care to pull out all the old and 
rotten leaves. The plants, however, had grown, 
and looked ſo well upon the whole, that I had 
no doubt but that the air muſt conſtantly have 
been in a mending ſtate; when I was exceedingly 
ſurprized to find, on the. 24th of that month, 
that though the air in one of the jars had not 
grown worſe, it was no better; and that the air 
in the other jar was ſo much worſe than it had 
been, that a mouſe would have died in it in a 
h | few 
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few ſeconds. It alſo made no efferveſcence 
with nitrous air, as it had done before. 


- 'Suſpefting that the ſame plant might be 
capable of reſtoring putrid air to a certain de- 
gree only, or that plants might have a contrary 
tendency in ſome ſtages of their growth, I with- 
drew the old plant, and put a freſh one in its 
place; and found that, after ſeven days, the 
air was reſtored to its former wholeſome ſtate. 
This fact I conſider as a very remarkable one, 
and well deſerving of a farther inveſtigation, as 
it may throw more light upon the principles of 
vegetation. It is not, however, a ſingle fact; 
for I had ſeveral inſtances of the fame kind in 
the preceding year; but it ſeemed ſo very 
extraordinary, that air ſhould grow worſe by 
the continuance of the ſame treatment by which 
it had grown better, that, whenever I abſerved. 
it, I concluded that I had not taken ſufficient 
care to ſatisfy myſelf of its previous reſtora- 
tion. | ' 


That plants are capable of perfectly reſtoring 
air injured by reſpiration, may, I think, be in- 
ferred with certainty from the perfect reſtora- 
tion, by this means, of air which had paſſed 
through my lungs, ſo that a candle would burn 
in it again, though it had extinguiſhed flame 
before, and a ou of the ſame original quantity 

of 
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of air ſtill continued to do ſo. Of this one 
inſtance occurred in the year 1771, a ſprig of 
mint having grown in a jar of this kind of air, 

from the 25th of July to the 17th of Auguſt 
following ; and another trial I made, with-the 
ſame ſucceſs, the 7th of July 1772, the plant 
having grown in it from the 29th of June pre- 
ceding. In this caſe alſo-I found that the effect 
was not owing to any virtue in the leaves of 
mint; for I kept them conſtantly changed in 
a quantity of this kind of air, for a conſider- 
able time, without makipg any ents: a 
tion in it. 


Theſe proofs of a Ks. reſtoration of air 
by plants in a ſtate of vegetation, though in a 
confined and unnatural ſituation, cannot but 
render it highly probable, that the injury which 
is continually done to the atmoſphere by the 
reſpiration of ſuch a number of animals, and 
the putrefaction of ſuch maſſes of both vegetable 
and animal matter, is, in part at leaſt, repaired 


by the vegetable creation. And, notwithſtand- 


ing the prodigious maſs of air that is corrupted 
daily by the above-mentioned cauſes ;, yet, if 
we conſider the immenſe profuſion of vegetables | 
upon the face of the earth, growing in places 
ſuited to their nature, and conſequently at full 
liberty to exert all their powers, both inhaling 
and exhaling, it can hardly be thought, but 

Fae 
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that it may be a ſufficient counterbalance to it, 
and that the remedy 1 is adequate to the evil. | 


Dr. Franklin, ho, as I have already "I 
ed, ſaw ſome of my plants in a very flouriſhing 
ſtate, in highly noxious air, was pleaſed to ex- 
preſs very great ſatisfaction with the reſult of 
the experiments, In his anſwer to the letter in 
which I informed him of it, he ſays, 


e That the vegetable creation ſhould reſtore 
te the air which is ſpoiled by the animal part of 
ce it, looks like a rational ſyſtem, and ſeems to 
ce be of a piece with the reſt, Thus fire puri- 
« fles water all the world over. It purifies i it 
« by diſtillation, when it raiſes it in vapours, 
te and lets it fall in rain; and farther ſtill by fil- 
ce tration, When Kötping it fluid, it ſuffers Mae 
« rain to percolate the earth, We knew be- 
« fore that putrid animal ſubſtances were con- 
ce verted into ſweet vegetables, when mixed with 
te the eatth, and applied as manure; and now, 
« it ſeems, that the ſame putrid ſubſtances, 
cc 'fhixed with the air, have a ſimilar effect. 
« The ſtrong thriving ſtate of your mint in pu- 
« trid air ſeems to ſhew that the air is mended 
ce by taking ſomething from it, and not by 
« adding to it.“ He adds, © I hope this will 
« give ſome check to the rage. of deſtroying 
trees that grow near houſes, which has 

7 , 66 c- 
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ce accompanied our late improvements in 
te pardening, from an opinion of their being 
cc unwholeſome. I am certain, from long ob- 
6 ſervation, that there is nothing unhealthy in 
« the air of woods; for we Americans have 
te every where our country habitations in the 
ce midſt of woods, and no people on earth en- 
« joy better health, or are more prolific of 


Having rendered ingammable air perfectly 
innoxious by continued agitation in a trough of 
water, deprived of its air, I concluded that 
other kinds of nox1ous air might be reſtored by 
the ſame means; and I preſently found that this 
was the caſe with putrid air, even of more than 
a year's ſtanding. I ſhall obſerve once for all, 
that this proceſs has never failed to reſtore any 
kind of noxious air on which I have tried it, 
viz. air injured by reſpiration or putrefaction, 
air infected with the fumes of burning char- 
coal, and of calcined metals, air in which a 
mixture of iron filings and brimſtone, that in 
which paint made of : white lead and oil has 
ſtood, or air which has been diminiſhed by a. 
mixture of nitrous air. Of the remarkable ef- 
fect which this proceſs has on nitrous air itſelf, 
an account will be given in its proper place. 


If this proceſs be made in water deprived of 


| air, either bythe air-pump, by boiling, or bydif. 


tillation, 
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tillation, or if-freſh rain-water be uſed, the air 
will always be diminiſhed by the agitation; and 
this is certainly the faireſt method of making 
the experiment. If the water be freſh pump- 
water, there will always be an increaſe of the 
air by agitation, the air contained in the water 
being ſet looſe, and joining that which is in the 
jar. In this caſe, alſo, the air has never failed 
to be reſtored ; but then it might be ſuſpected 
that the melioration was produced by the ad- 
dition of ſome more wholeſome ingredient. As 
theſe agitations were made in jars with wide 
mouths, and in a trough which had a large ſur- 
face expoſed to the common air, I take it for 
granted that the noxious effluvia, whatever they 
be, were firſt imbibed by the water, and there- 
dy tranſmitted to the common atmoſphere. In 
fome caſes this was ſufficiently indicated by the 
diſagreeable ſmell which attended the opera- 
tion. | r 5 


After I had made theſe experiments, I was 
informed that an ingenious phyſician and philo- 
ſopher had kept a fowl alive twenty-four hours, 
in a quantity of air in which another fowl of the 
fame ſize had not been able to live longer than 
an hour, by contriving to make the air, which 
it breathed, paſs through no very large quan- 
_ tity of acidulated water, the ſurface of which 
was not expoſed to the common air; and that 

| even 
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even when the water was not acidulated, the 
fowl lived much longer than it could have 
done, if the air which it breathed had not been 
drawn through the water. | 


As ] ſhould not have concluded that this ex- 
periment would have ſucceeded ſo well, from 
any obſervations that I had made upon the ſub- 
ject, I took a quantity of air in which mice 
had died, and agitated it very ſtrongly, firſt in 
about five times its own quantity of diſtilled 
water, in the manner in which I had impreg- 
nated water with fixed air; but though the 
operation was continued a long time, it made 
no ſenſible change in the properties of the air. 
I alſo repeated the operation with pump- water, 
but with as little effect. In this caſe, however, 
though the air was agitated in a phial, which 
had a narrow neck, the ſurface of the water in 
the baſon was conſiderably large, and expoſed 
to the common atmoſphere, which muſt have 
tended a little to favour the experiment. 


In order to judge more preciſely of the effect 
of theſe different methods of agitating air, I 
transferred the very noxious air, which I had 
not been able to amend in the leaſt degree by 
the former method, into an open jar, ſtanding 
in a trough of water; and when I had agitated 

it till it was diminiſhed about one third, I found 


H it 
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it to be better than air in which candles had 
burned out, as appeared by the teſt of the ni- 
trous air; and a mouſe lived in 2 ounce mea- 
ſures of it a quarter of an hour, and was not 
ſenſibly affected the firſt ten or twelve minutes, 


In order to determine whether the addition of 
any acid to the water, would make it more ca- 
pable of reſtoring putrid air, I agitated a quan- 
tity of it in a phial containing very ſtrong vi- 
negar ; and after that in aqua fortis, only half 
diluted with water; but by neither of theſe 
proceſſes was the air at all mended, though the 
agitation was repeated, at intervals, during a 
whole day, and it was moreover allowed to 
ſtand 1 in that ſituation all I. 


Since, however, water in theſe experiments 
muſt have imbibed and retained a certain por- 
tion of the noxious effluvia, before they could 
be tranſmitted to the external air, I do not think 
it improbable but that the agitation of the ſea 
and large lakes may be of ſome uſe for the 
purification of the atmoſphere, and the putrid 
matter contained in water may be imbibed by 
aquatic plants, or be depoſited in ſome other 
manner, 


Having found, by ſeveral experiments above- 
66 that the proper putrid effluvium 
is 
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is ſomething quite diſtinct from fixed air, and 
finding, by the experiments of Dr. Macbride, 
that fixed air corrects putrefaction; it occurred 
to me, that fixed air, and air tainted with pu- 
trefaction, though equally noxious when ſepa- 
rate, might make a wholeſome mixture, the 
one correcting the other; and I was confirmed 
in this opinion by, I believe, not leſs than fifty 
or ſixty inſtances, in which air, that had been 
made in the higheſt degree noxious, by reſpira- 
tion or putrefaction, was ſo far ſweetened, by 
a mixture of about four times as much fixed 
air, that afterwards mice lived in it exceedingly 
well, and in ſome caſes almoſt as long as in 
common air. I found it, indeed, to be more 
difficult to reſtore od putrid air by this means; 
but I hardly ever failed to do it, when the two 
kinds of air had ſtood a long time together ; 
by which I mean about a fortnight or three 


weeks. 


The reaſon why I do not abſolutely conclude 
that the reſtoration of air in theſe caſes was the 
effect of fixed air, is that, when I made a trial 
of the mixture, I ſometimes agitated the two 
kinds of air pretty ſtrongly together, in a 
trough of water, or at leaſt paſſed it ſeveral 
times through water, from one jar to ano- 
ther, that the ſuperfluous fixed air might be 
abſorbed, not ſuſpecting at that time that the 
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agitation could have any other effect. But 
having ſince found that very violent, and eſpe- 
cially long- continued agitation in water, without 
any mixture of fixed air, never failed to render 
any Kind of noxious air in ſome meaſure fit for 
fteſpitation (and in one particular inſtance the 
mere transferring of the air from one veſſel to 
another through the water, though for a much 
longer time than I ever uſed for the mixtures 
of air, was of conſiderable uſe for the ſame 
purpoſe) I began to entertain ſome doubt of 
the efficacy of fixed air in this caſe. In ſome 
caſes alſo the mixture of fixed air had by no 
means ſo much effect on the putrid air as, 
from the generality of my obſeryations, I 
ſhould have expected. 


I was always aware, indeed, that it might be 
ſaid, that, the reſiduum of fixed air not being 
very noxious, ſuch an addition muſt contribute 
to mend the putrid air; but, in order to obvi- 
ate this objection, I once mixed the reſiduum 
of as much fixed air as J had found, by a va- 
riety of trials, to be ſufficient to reſtore a given 
quantity of putrid air, with an equal quantity 
of that air, without making any ſenſible me- 
lioration of it. 


Upon the whole, I am inclined to think that 
this proceſs could hardly have ſucceeded 4 
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well as it did with me, and in ſo great a num- 
ber of trials, unleſs fixed air have ſome ten- 
deney to correct air tainted with reſpiration or 
putrefaction; and it is perfectly agreeable to 
the analogy of Dr. Macbride's diſcoveries, and 
may naturally be expected from them, that 1 it 
ſhould have ſuch an effect. 


Up" a mixture of fixed air I wa made 
wholeſome the refiduum of air generated by 
putrefaction only, from mice plunged in water. 
Fhis, one would imagine, 2 priori, to be the 
moſt noxious of all kinds of air. For if com- 
mon air only tainted with putrefaction he 
fo deadly, much more might one expect that 
air to be ſo, which was generated from putre- 
faction only; but it ſeems to be nothing more 
than common air (or at leaſt that kind of fixed 
air which is not abſorbed by water) tainted 
with putrefaction, and therefore requires no 
other proceſs to ſweeten it. In this caſe, ho w- 
ever, we ſeem to have an inftance of the gene- 
ration of genuine common air, though mixed 
with ſomething that is foreign to it. Perhaps 
the reſiduum of fixed air may be another in- 
ſtance of the ſame nature, and alſo the reſiduum 
of inflammable air, and of nitrous air, eſpeci- 
ally nitrous air loaded with phlogiſton, after 
long agitzpion in water. 
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Fixed air is equally diffuſed through the 
whole maſs of any quantity of putrid air with 
which it is mixed: for dividing the mixture 


into two equal parts, they were reduced in the 


ſame proportion by paſſing through water. But 
this is alſo the caſe with ſome of the kinds of 
air which will not incorporate, as inflammable 
air, and air in which brimſtone has burned. 


If fixed air tend to correct air ck has 


been injured by animal reſpiration or putre- 


faction, /ime-kilns, which diſcharge great quan- 
tities of fixed air, may be wholeſome in the 
neighbourhood of populous cities, the atmo- 
ſphere of which muſt abound with putrid ef- 

fluvia. I ſhould think alſo that phyſicians 
might avail themſelves of the application of 
fixed air in many putrid diſorders, eſpecially 
as it may be ſo eaſily adminiſtered by way of 
clyſter, where it would often find its way to 
much of the putrid matter. Nothing is to be 
apprehended from the diſtention of the bowels 
by this kind of air, ſince it is ſo readily ab- 
ſorbed by any fluid or moiſt ſubſtance, 


Since fixed air is not noxious per ſe, but, 
like fire, only in exceſs, I do not think it at all 
hazardous to attempt to breathe it. It is, how- 
ever, eaſily conveyed into the ftomach, in na - 


tural or artificial Pyrmont water, ia briſkly- 
fer- 
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fermenting liquors, or a vegetable diet. It 1s 
even poſſible, that a conſiderable quantity 
of fixed air might be imbibed by the ab- 
ſorbing veſſels of the ſkin, if the whole body, 
except the head, ſhould be ſuſpended over a 
veſſel of ſtrongly-fermenting liquor; and in 
ſome putrid diſorders this treatment might be 
very ſalutary. If the body was expoſed quite 
naked, there would be very little danger from 
the cold in this ſituation, and the air having 
freer acceſs to the ſkin might produce a greater 
effect. Being no phyſician, I run no riſk by 
throwing out theſe random, and perhaps whim- 
ſical propoſals *. 


Having communicated my obſervations on 
fixed air, and eſpecially my ſcheme of applying 
it by way of clyfer in putrid diforders, to Mr. 
Hey, an ingenious ſurgean in Leeds, a caſe 
preſently occurred, in which he had an op- 
portunity of giving it a trial; and mentioning 
it to Dr. Hird and Dr. Crowther, two phyſi- 
cians who attended the patient, they approved 
the ſcheme, and it was put in execution; both 
by applying the fixed air by way of clyſter, 
and at the ſame time making the patient drink 
plentifully of liquors ſtrongly impregnated with 


8 * Some time after theſe papers were firſt printed, I wag 
| pleaſed to find the ſame propoſal in Dr, Alexander's Expe- 


rimenta Egays. 8 
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it. The event was ſuch, that I-requeſted Mr. 
Hey to draw up a particular account of the caſe, 
deſcribing the whole of the treatment, that the 
public might be ſatisfied that this new appli- 
cation of fixed air is perfectly ſafe, and alſo 
have an opportunity of judging how far it had 
the effect which I expected from it; and as the 
application is new, and not unpromiſing, I ſhall 
beg leave to ſubjoin his letter to me on the ſub- 
ject, by way of Appendix to theſe papers. 


When I began my enquiries into the pro- 
perties of different kinds of air, I engaged my 
friend Dr. Percival to attend to the medicinal 
uſes of them, being ſenſible that his knowledge 
of philoſophy as well as of medicine would give 
him a ſingular advantage for this purpoſe. 
The reſult of his obſeryations I ſhall alſo in- 
ſert in the Appendix, 


SEC 
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SECTION v. 


Of Alx in which à mixture of BRIMSYONS® an 
* FILINGS of IRON has d. 


Reading in Dr. Hales's account of his ex- 
periments, that there was a great diminution of 
the quantity of air in which a mixture of pow- 
dered brimſtone and filings of iron, made into 
a paſte with water, had ſtood, I repeated the 
experiment, and found the diminution greater 
than I had expected. This diminution of air 
is made as effectually, and as expeditiouſly, 
in quickſilver as in water; and it may be mea- 
fured with the greateſt accuracy, becauſe there 
is neither any previous expanſion or increafe of 
the quantity of air, and becauſe it is ſome time 
before this proceſs begins to have any fenſible 
effect. This diminution of air is various; but 
I have generally found it to be between one 
fifth and one fourth of the whole. 


Air thus diminiſhed is not heavier, but ra- 
ther lighter than common air; 'and though 
lime-water does not become turbid when it is 
expoſed to this air, it is probably owing to the 
formation of a ſelenitic ſalt, as was the caſe 
with the ſimple burning of brimſtone above- | 


mens 
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mentioned. That ſomething proceeding from 
the brimſtone ſtrongly affects the water which is 
confined in the ſame place with this mixture, 
is manifeſt from the very ſtrong ſmell that it 
has of the volatile ſpirit of vitriol. 


I conclude that the diminution of air by this 
proceſs 1 is of the ſame kind with the diminution 
of it in the other caſes, becauſe when this mix- 
ture is put into air which has been previouſly - 
diminiſhed, either by the burning of candles, 
by reſpiration, or putrefaction, though it never 
fails to diminiſh it ſomething more, it is, how- 
ever, no farther than this proceſs alone would 
have done it. If a freſh mixture be introduced 
into a quantity of air which had been reduced 
by a former mixture, it has little or. no farther 
effect. | 


IT once obſerved, that when a mixture of this 
Kind was taken out of a quantity of air in which 
a candle had before burned out, and in which it 
had ſtood for ſeveral days, it was quite cold 
and black, as it always becomes in a confined 
place ; but it preſently grew very hot, ſmoak- 
ed copioully, and ſmelled very offenſively ; 
and when it was cold, it was brown, like the 
ruſt of i iron. 


J once 
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l once put a mixture of this kind to a quan- 
tity of inflammable air, made from iron, by 
which means it was diminiſhed + or Y in its 
bulk; but, as far as I could judge, it was 
ſtill as inflammable as ever. Another quan- 
tity of inflammable air was alſo reduced in the 

ſame proportion, by a mouſe putrefying in 
it; but its inflammability was not ſeemingly 
leſſened. 


Air diminiſhed by this mixture of iron filings 
and brimſtone, is exceedingly noxious to ani- 
mals, and I have not perceived that it grows 
any better by keeping in water, The ſmell of 
it is very pungent and offenſive. 


The quantity of this mixture which I made 
uſe of in the preceding experiments, was from 
two to four ounce meaſures ; but I did not 
perceive, but that the diminution of the quan- 
tity of air (which was generally about twenty 
ounce meaſures) was as great with the ſmalleſt, 
as with the largeſt quantity, How ſmall a 
quantity is neceſſary to diminiſh a given quan- 
tity of air to a maximum, I have made no ex- 
periments to aſcertain. 

As ſoon as this mixture of iron filings with 
brimſtone and water, begins to ferment, it alſo 


turns black, and begins to ſwell, and it con- 
5 tinues 
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tinues to do ſo, till it occupies twice as much 
ſpace as it did at firſt. The force with which 
it expands is great; but how great it is I have 
not endeavoured to determine. 


When this mixture is immerſed in water, it 
generates no air, n it becomes Ne and 
Tw ells. N 


SECTION V.. 
Of NITROUS Al. 


Ever ſince I firſt read Dr. Hales's moſt ex- 
cellent Statical Eſſays, I was particularly ſtruck 
with that experiment of his, of which an ac- 
count is given, Vor. I. p. 224, and Vor. II. 
p. 280. in which common air, and air gene- 
rated from the Walton pyrites, by ſpirit of- 
nitre, made a turbid red mixture, and in which 
part of the common air was abſorbed ; but 1 
never expected to have the ſatisfaction of ſeeing 
this remarkable appearance, ſuppoſing it to be 
peculiar to that particular mineral. Happen- 
ing to mention this ſubje& to the Hon. Mr, 
Cavendiſh, when I was in London, in the 
ſpring of the year 1772, he ſaid that he did 
not imagine but that other kinds of pyrites, 


or wa metals might anſwer as well, and that 
pro- 
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probably the red appearance of the mixture 
depended upon the ſpirit of nitre only. This 


encouraged me to attend to the ſubject; and 


having no pyrites, I began with the ſolution of 
the different metals in ſpirit of nitre, and catch- 


ing the air which was generated in the ſolution, 
I preſently found what I wanted, and a good 
deal more, 


Beginning with the ſolution of braſs, on the 
4th of June 1772, I firſt found this remark- 
able ſpecies of air, only one effect of which, 
was caſually obſerved by Dr. Hales ; and he 
gave ſo little attention to it, and it has 
been ſo much unnoticed fince his time, that, 
as far as I know, no name has been given 
to it, I therefore found myſelf, contrary 
to my firſt reſolution, under an abſolute ne- - 
ceſlity of giving a name to this kind of air my- ; 
ſelf. When I firſt began to ſpeak and write of 
it to my friends, I happened to diſtinguiſh it 
by the name of nitrous air, becauſe I had pro- 
cured it by means of ſpirit of nitre only; and 
though I cannot ſay that I altogether like the 
term, neither myſelf nor any of my friends, 

to whom I have applied for the purpoſe, have 
been able to hit upon a better; ſo that I 
am obliged, after all, to content myſelf = 
with it. 


2 I have 
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I have found that this kind of air is readily 
procured from iron, copper, braſs, tin, ſilver, 
quickſilver, biſmuth, and nickel, by the ni- 
trous acid only, and from gold and the regulus 
of antimony ' by aqua regia. The circum- 
ſtances attending the ſolution of each of theſe 
metals are various, but hardly worth mention- 
ing, in treating of the properties of the air 
which they yield ; which, from what metal ſo- 
ever it is extracted, has, as far as I have been 
able to obſerve, the very ſame — 


One of the moſt conſpicuous properties of 
this kind of air is the great diminution of any 
quantity of common air with which it is mix- 
ed, attended with a turbid red, or deep orange 
colour, and a conſiderable heat. The ſmell 
of it, alſo, 1s very ſtrong, and remarkable, 
but very much reſembling that of ſmoking 
ſpirit of nitre. 


The diminution of a mixture of this and 
common air is not an equal diminution of both 
the kinds, which is all that Dr. Hales could 
obſerve, but of about one fifth of the com- 
mon air, and as much of the nitrous air as is 
neceſſary to produce that effect; which, as, I 
have found by many trials, is about one third 
as much as the original quantity of common air. 


For if one meaſure of nitrous ; air be put to two 
| mea- 
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meaſures of common air, in a few minutes 
(by which time the efferveſcence will be over, 
and the mixture will have recovered its tranſ- 
parency) there will want about one ninth of 
the original two meaſures; and if both the 
kinds of air be very pure, the diminution will 
ſtill go on ſlowly, till in a day or two, there 
will remain only one fifth of the original quan- 
tity of common air. This farther diminution, 
by long ſtanding, I had not obſerved at the 
time of the firſt publication of theſe papers. 


J hardly know any experiment that is more 
adapted to amaze and ſurprize than this is, 
which exhibits a quantity of air, which, as it 
were, devours a quantity of another kind of 
air half as large as itſelf, and yet is ſo far from 
gaining any addition to its bulk, that it is con- 
ſiderably diminiſhed by it. If, after this full 
ſaturation of common air with nitrous air, more 
nitrous air be put to it, it makes an addition 
equal to its own bulk, without-producing the 
leaſt redneſs, or any other viſible effect. 


If the ſmalleſt quantity of common air be 
put to any larger quantity, of nitrous air, 
though the two together will not occupy ſo 
much ſpace as they did ſeparately, yet the 
quantity will ſtill be larger than that of the 
nitrous air only, One ounce meaſure of com- 

mon 
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mon air being put to near twenty ounce mea- 
ſures of nitrous air, made an addition to' it of 
about half an ounce meaſure. This being a 


much greater proportion than the diminution 


of common air, in the former experiment, 
proves that part of the diminution in the 
former caſe is in the nitrous air. Beſides, it 
will preſently appear, that nitrous air is ſubject 
to a moſt remarkable diminution ; and as com- 
mon air, in a variety of other caſes, ſuffers a 
diminution from one fifth to one fourth, I 
conclude, that in this caſe alſo it does not 
exceed that proportion, and therefore that the 
remainder of the diminution reſpects the ni- 


trous air. 


In order to judge whether the water contri- 


buted to the diminution of this mixture of ni- 


trous and common air, I made the whole pro- 
ceſs ſeveral times in quickſilver, uſing one third 
of nitrous, and two thirds of common air, as 


before. In this caſe the redneſs continued a 


very long time, and the diminution was not ſo 


great as when the mixtures had been made in 


water, there remaining one ſeventh more than 


the original quantity of common air. 


This mixture ſtood all night upon the quick- 
filver; and the next morning I obſerved that it 
was no farther diminiſhed upon the admiſſion 

8 e of 
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of water to it, nor by pouring it ſeveral times 
through the water, and letting it ſtand in water 
two days. 


Another mixture, which had ſtood about ſix 
hours on the quickſilver, was diminiſhed a little 
more upon the admiſſion of water, but was 
never leſs than the original quantity of com- 
mon air. In another caſe, however, in which 
the mixture had ſtood but a very ſhort time in 
quickfilver, the farther diminution, which took 
place upon the admiſſion of water, was much 
more conſiderable; ſo that the diminution, 
upon the whole, was very nearly as great as if 
the proceſs had been intirely in water. 


It is evident from theſe experiments, that the 
diminution is in part owing to the abſorption 
by the water; but that when the mixture is 
kept a long time, in a ſituation in which there 
is no water to abſorb any part of it, it acquires 
a conſtitution, by which it is afterwards in- 
capable of being abſorbed by water, or rather, 
there is an addition to the quantity of air. by 
nitrous air produced by the ſolution of the 
quickſilver. | THe 


\ 3 


It will be ſeen, in the ſecond part of this 
work, that, in the decompoſition of nitrous 
air by its mixture with common air, there is 
nothing at hand when the proceſs is made in 
ö I | quick- 
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quickſilver, with which the acid that entered 
into its compoſition can readily unite. 


In order to determine whether the fixed part 
of common air was depoſited in the diminution 
of it by nitrous air, I incloſed a veſſel full of 
lime-water in the jar in which the proceſs was 
made, but it occaſioned no precipitation of the 
lime; and when the veſſel was taken out, after 
it had been in that ſituation a whole day, the 
lime was eaſily precipitated by breathing into 
it as uſual. 


But though the precipitation of the lime 
was not ſenſible in this method of making the 


experiment, it is ſufficiently ſo when the whole 


proceſs is made in lime-water, as will be ſeen 


in the ſecond part of this work; ſo that we 


have here another evidence of the depoſition 
of fixed air from common air. I have made 
no alteration, however, in the preceding para- 
graph, becauſe it may not be unuſeful, as a 
caution to future experimenters. 


It 1s exceedingly remarkable that this effer- 
veſcence and diminution, occaſioned - by the 


mixture of nitrous air, is peculiar to common 


air, or air fit for reſpiration ; and, as far as I 
can judge from a great number of obſerva- 


volt tions, 18 at leaſt very nearly, if not exactly, 


in proportion to its fitneſs for this purpoſe; ſo 
Xen | that 
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that by this means the goodneſs of air may be 
diſtinguiſhed much more accurately than it can 
be done by putting mice, or any other animals, 
to breathe in it; 


This was a moſt agreeable diſcovery to me, 
as I hope it may be an uſeful one to the pub- 
lic ; eſpecially as, from this time, I had ho oc- 
caſion for ſo large a ſtock of mice as I had 
been uſed to keep for the purpoſe of theſe ex- 
periments, uſing them only in thoſe which re- 
quired to be very deciſive; and in theſe caſes I 
have ſeldom failed to know beforehand in what 
manner they would be affected. 


It is alſo remarkable that, on whatever ac- 
count air is unfit for reſpiration, this ſame teſt 
is equally applicable. Thus there is not the 
leaſt efferveſcence between nitrous and fixed air, 
or inflammable air, or any ſpecies of diminiſh- 
ed air. Alſo the degree of diminution being 
from nothing at all to more than one third 
of the whole of any quantity of air, we are, 
by this means, in poſſeſſion of a prodigiouſſy 
large ſcale, by which we may diſtinguiſh very 
ſmall R of difference in the goodneſs of 
air. 


I have not attended much to this circum- 


ſtance, having uſed this teſt chiefly for greater” 
I 2 dif- 
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differences; but, if I did not deceive myſelf, 
F have perceived a real difference in the air of 
my ſtudy, after a few perſons have been with 
me in it, and the air on the outſide of the houſe. 
' Alfo a phial of air having been ſent me, from 
the neighbourhood of York, it appeared not to 
be ſo good as the air near Leeds; that is, it was 
not diminiſhed fo much 5y an equal mixture of 
nitrous air, every other circumſtance being as 
nearly the ſame as I could contrive. It may 
perhaps be poſſible, but I have not yet attempted 
it, to diſtinguiſh ſome of the different winds, or 
the air of different times of the — &c. &c. 
by this teſt. N 


By means of this teſt I was able to determine 
what I was before in doubt about, viz. the kind 
as well as the degree of injury done to air by 
candles burning in it. I could not tell with 
certainty, by means of mice, whether it was at 
all injured with reſpect to reſpiration; and yet 
if nitrous air may be depended upon for fur- 
niſhing an accurate teſt, it muſt be rather more 
than one third worſe than common air, and 
have been diminiſhed by the ſame general cauſe 
of the other diminutions of air. For when, 
after many trials, I put one meaſure of tho- 
roughly putrid and highly noxious air, inta the 
lame veſſel with two meaſures of good "Io 

ome 


Nitrous Air. 117 


* 


ſome air, and into another veſſel an equal quan- 
tity, viz. three meaſures of air in which a 
candle had burned out; and then put equal 
quantities of nitrous air to each of them, the 
latter was diminiſhed rather more than the 
former. 


It agrees with this obſervation, that burned 
air is farther diminiſhed both by putrefaction, 
and a mixture of iron filings and brimſtone; 
and I therefore take it for granted by every 
other cauſe of the diminution of air. It is 
probable, therefore, that burned air is air ſofar 
loaded with phlogiſton, as to be able to extin- 
guiſh a candle, which it may do long before it 
is fully ſaturated. 


Inflammable air with a mixture of nitrous air 
burns with a green flame. This makes a very 
pleaſing experiment when it is properly con- 
ducted. As, for ſome time, I chiefly made uſe 
of copper for the generation of nitrous air, I firſt 
aſcribed this circumſtance to that property of 
this metal, by which it burns with a green 
flame; but I was preſently ſatisfied that it muſt 


ariſe from the ſpirit of nitre, for the effect is 


the very ſame from whichever of the metals 
the nitrous air is extracted, all of which I tried 
for this purpoſe, even ſilver and gold. 


I 3 | A mix- 
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A mixture of oil of vitriol and ſpirit of nitre 
in equal proportions diſſolved iron, and the 


.. produce was nitrous air; but a leſs degree of 


ſpirit of nitre in the mixture produced air that 
was inflammable, and which burned with a 
green flame. It alſo tinged common air a little 
red, and diminiſhed it, though not much. 


The diminution of common air by a mixture 
of nitrous air, is not ſo extraordinary as the 
diminution which nitrous air itſelf is ſubje& to 
from a mixture of iron filings and brimſtone, 


made into a paſte with water. This mixture, 


as I have already obſerved, diminiſhes common 
air between one fifth and one fourth, but has 


no ſuch effect upon any kind of air that has 


been diminiſhed, and rendered noxjous by any 


other proceſs ; but when it is put to a quantity 


of nitrous air, it diminiſhes it ſo much, that no 


more than one,fourth of the original quantity 
will be left. 


The effect of this proceſs is generally per- 


' ceived in five or {tx hours, about which time 


the viſible efferveſcence of the mixture begins; 
and 1n a very ſhort time it advances ſo rapidly, 
that in about an hour almoſt the whole effect 


will have taken place. If it be ſuffered to 


ſtand a day or two longer, the air will ſtill be 
diminiſhed farther, but only a very little farther, 
* 5 © in 
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in proportion to the firſt diminution. The glaſs 
jar, in which the air and this mixture have been 
confined, has generally been ſo much heated in 
this proceſs, that I have not been able to 


touch it. 


Nitrous air thus diminiſhed has not fo ſtrong 
a ſmell as nitrous air itſelf, but ſmells juſt like 
common air in which the ſame mixture has 
ſtood; and it is not capable of being diminiſhed 
any farther, by a freſh mixture of iron and 


brimſtone. 


Common air ſaturated with nitrous air is alſo 
no farther diminiſhed by this mixture of iron 
filings and brimſtone, though the mixture fer- 
ments with great heat, and ſwells very much 


in it, 


Plants die very ſoon, both in nitrous air, and 
alſo in common air ſaturated with nitrous air, 
but eſpecially in the former. 


Neither nitrous air, nor common air ſatu- 
rated with nitrous air, differ in ſpecific gravity 
from common air. At leaſt, the difference is 
ſo ſmall, that I could not be ſure there was 
any ; ſometimes about three pints of it ſeeming 
to be about half a grain heavier, and at other 
times as much lighter than common air. 

5; I 4 Having, 


120 Obſervations on 


Having, among other kinds of air, expoſed 
a quantity of nitrous air to water out of which 
the air had been well boiled, in the experiment 
to which I have more than once referred (as 
having been the occaſion of ſeveral new and 
important obſervations) I found that of the 
whole was abſorbed. Perceiving, to my.great 
ſurprize, that ſo very great a proportion of this 
kind of air was miſcible with water, I imme- 
diately began, agitate a conſiderable quantity 
of it, in a Jar ſtanding in a trough of the ſame 
kind of water; and, with about four times as 
much agitation as fixed air requires, it was ſo 


far abſorbed by the water, that only about one 


fifth remained. This remainder extinguiſhed 


flame, and was noxious'to animals. 


Afterwards I diminiſhed a pretty large quan- 
tity of nitrous air to one eighth of its original 
bulk, and the remainder ſtill retained much of 
its peculiar ſmell, and diminiſhed common air 
a little. A mouſe alfo died in it, but not ſo 
ſuddenly as it would have done in pure nitrous 
air. In this operation the peculiar ſmell of 
nitrous air is very manifeſt, the water being 

firſt impregnated with the air, and then tranſ- 
ES to'the Gen atmoſphere. 


This experiment gave me the hint of im- 
pregnating water with nitrous air, in the man- 
1 | = 


ner in which I had before done it with fixed air; 
and I preſently found that diſtilled water would 
imbibe about one tenth of its bulk of this kind 
of air, and that it acquired a remarkably acid 
and aſtringent taſte from it. The ſmell of 
water thus impregnated 1s at firſt peculiarlp 
pungent. I did not chuſe to ſwallow any of it, 
though, for any thing that I know, it may be 
perfectly innocent, and perhaps, in ſome caſes, 
ſalutary. 


This kind of air is retained very obſtinately 
by water. In an exhauſted receiver a quantity 
of water thus ſaturated emitted a whitiſh fume, 
fuch as ſometimes iſſues from bubbles of this air 
when it is firſt generated, and alſo ſome air- 
bubbles; but though it was ſuffered to ſtand 
a long time in this ſituatjon, it ſtill retained its 
peculiar taſte ; but when it had ſtood all night 
pretty near the fire, the water was become quite 
vapid, and had depoſited a filmy kind of mat- 
ter, of which J had often collected a conſider- 
able quantity from the trough in which jars 
containing this air had ſtood, This I ſuppoſe 
to be a precipitate of the metal, by the ſolution 
of which the nitrous air was generated. I have 
not given ſo much attention to it as to know, 
with certainty, in what circumſtances this de- 
poſit is made, any more than I do the matter 
depoſited from inflammable air above-mention- 

| | 8 
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ed; for I cannot get it, at leaſt in any con- 
fiderable quantity, when I pleaſe; whereas J 
have often found abundance of it, when I did 


not expect it at all. 


The nitrous air with which I made the firſt 
impregnation of water was extracted from cop- 
per; but when I made the impregnation with 
air from quickſilver, the water had the very 
ſame taſte, though the matter depoſited from it 
ſeemed to be of a different kind; for it was 
whitiſh, whereas the other had a yellowiſh tinge. 
Except the firſt quantity of this impregnated 
water, I could never deprive any more that I 
made of its peculiar taſte. I have even let ſome 
of it ſtand more than a week, in phials with their 
mouths open, and ſometimes very near the fire, 
without producing any alteration in it*, 


Whether any of the ſpirit of nitre contained 
in the nitrous air be mixed with the water in 


this operation, I have not yet endeavoured to 


determine. This, however, may probably be 


the caſe, as the ſpirit of nitre is, in a conſi- 


derable degree, volatile f. 


It 


HI have fince found, that nitrous air has never failed 
to eſcape from the water, which has been impregnated with 


it, by long expoſure to the open air, 
+ This ſuſpicion has been confirmed by the ingenious 


Mr. Bewley, of Great Maſſingham in Norfolk, who has dif- 


covered 
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It will perhaps be thought, that the moſt 
uſeful, if not the moſt remarkable, of all the 
properties of this extraordinary kind of air, is 
its power of preſerving animal ſubſtances from 
putrefaction, and of reſtoring thoſe that are 
already putrid, which it poſſeſſes in a far greater 
degree than fixed air. My firſt obſervation of 
this was altogether caſual. Having found ni- 
trous air to ſuffer ſo great a diminution as I 
have already mentioned by a mixture of iron 
filings and brimſtone, I was willing to try whe- 
ther it would be equally diminiſhed by other 
cauſes of the diminution of common air, eſpe- 
cially by putrefaction; and for this purpoſe I 
put a dead mouſe into a quantity of it, and 
placed it near the fire, where the tendency to 
putrefaction was very great. In this caſe there 
was a conſiderable diminution, viz. from 5 to 
3; but not ſo great as I had expected, the 
antiſeptic power of the nitrous air having 
checked the tendency to putrefaction; for 
when, after a week, I took the mouſe out, I 


covered that the acid taſte of this water is not the neceſſary 
_ conſequence of its impregnation with nitrous air, but is 
the effect of the acid vapour, into which part of this air 
is reſolved, when it is decompoſed. by a mixture with 
common air. This, it will be ſeen, exactly agrees with my 
own obſervation on the conſtitution of nitrous air, in the 
ſecond part of this work. A more particular account of 
Mr, Bewley's obſervation will be given in the Appendix. 


perceived, 
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perceived, to my very great — . it 
had no offenſive ſmell. 


es this I took two other nice one of 
them juſt killed, and the other ſoft and putrid, 
and put them both into the ſame jar of nitrous 
air, ſtanding in the uſual temperature of the 
weather, in the months of July and Auguſt of 


1772; and after twenty-five days, having ob- 


ferved that there was little or no change in the 
quantity of the air, I took the mice out; and, 
examining them, found them both perfectly 
ſweet, even when cut through in ſeveral places. 
That which had been put into the air when 
juſt dead was quite firm; and the fleſh of the 


other, which had been putrid and foft, was 
ſtill foft, but perfectly ſweet: | 


In order to compare the antiſeptic power of 
this kind of air with that of fixed air, I exa- 
mined a mouſe which I had incloſed in a phial 
full of fixed air, as pure as I could make it, 
and which I had corked very cloſe ; but upon 
opening this phial in water about a month after, 
I perceived that a large quantity of putrid efflu- 
vium had been generated; for it ruſhed with vio- 
tence out of the phial; and the ſmell that came 
from it, the moment the cork was taken out, 
was inſufferably offenſive. Indeed Dr. Macbride 
ſays, that he could only reſtore very thin pieces 


3 8 of 
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of putrid fleſh by means of fixed air. Perhaps 


the antiſeptic power of theſe kinds of air may 
be in proportion to'their acidity. 


If a little pains were taken with this ſubject, 
this remarkable antiſeptic power of nitrous air 
might poſſibly be applied to various uſes, per- 
haps to the preſervation of the more delicate 
birds, fiſhes, fruits, &c. mixing it in different 
proportions with common or fixed air. Of this 
property of nitrous air anatomiſts may perhaps 
avail themſelves, as animal fubſtances may by 
this means be preſerved in their natural ſoft 
ſtate; but how long it will anſwer for this pur- 
poſe, experience only can ſhew. 


I calcined lead and tin in the manner hereafter 
deſcribed in a quantity of nitrous air, but with 
very little ſenſible effect; which rather ſurpriaed 
me; as, from the reſult of the experiment with 
the iron filings and brimſtone, I had expected 
a very great diminution of the nitrous air by 
this proceſs ; the mixture of iron filings. and 
brimſtone, and the calcination of metals, having 
the ſame effect upon common air, both of them 
diminiſhing it in nearly the ſame proportion. 
But though I made the metals fume copiouſly 
in nitrous air, there might be no real calcination, 
the phlogiſtan not being ſeparated, and the pro- 
per calcination prevented by there being no fixed 


air, 
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air, which is neceſſary to the formation of the 
calx, to unite with it. 


Nitrous air 1s pics from all the proper 
metals by ſpirit of nitre, except lead, and from 
all the ſemi-metals that I have tried, except 
zinc. For this purpoſe I have uſed biſmuth 
and nickel, with ſpirit of nitre only, and regu- 
__ of antimony and platina, with aqua regia. 


bo got little or no air from lead by ſpirit of 
nitre, and have not yet made any experiments 
to aſcertain the nature of this ſolution. With 
zinc I have taken a little pains. | 


Four penny-weights and ſeventeen grains of 
zinc diſſolved in ſpirit of nitre, to which as 
much water was added, yielded about twelve 
ounce meaſures of air, which had, in ſome de- 
gree, the properties of nitrous air, making a 
flight efferveſcence with common air, and di- 
miniſhing it about as much as nitrous air, which 
had been itſelf diminiſhed one half by waſhing 


in water. The ſmell of them both was alſo the 


fame ; ſo that I concluded it to be the ſame 
thing, that part of the nitrous air, which is im- 
bibed by oY being retained in this ſolution. 


In order to diſcover whether this was the ends, 


I made the ſolution boil in a ſand-heat, - Some 
air 
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air came from it in this ſtate, which ſeemed to 
be the ſame thing, with nitrous air diminiſhed 
about one ſixth, or one eighth, by waſhing in 
water. When the fluid part was evaporated, 

there remained a brown fixed ſubſtance, which 
was obſerved by Mr. Hellot, who deſcribes it, 
Ac. Par. 1735, M. p. 35. A part of this I 
 threwinto a ſmall red-hot crucible; and cover- 
ing it immediately with a receiver, ſtanding in 
water, I obſerved that very denſe red fumes 
roſe from it, and filled the receiver. This 
redneſs continued about as long as that which 
is occaſioned by a mixture of nitrous and com- 
mon air; the air was alſo conſiderably dimi- 
niſhed within the receiver. This ſubſtance, 
therefore, muſt certainly have contained within 
it the very ſame thing, or principle, on which 
the peculiar properties of nitrous air depend, 


It is remarkable, however, that though the 
air within the receiver was diminiſhed about 
one fifth by this proceſs, it was itſelf as much 
affected with a mixture of nitrous air, as com- 
mon air is, and a candle burned in it very well. 
This may perhaps be attributed to ſome effect 
of the ſpirit of nitre, in the compoſition of that 

brown ſubſtance. 


Nitrous air, I find, will be conſiderably di- 
miniſhed in its bulk by ſtanding a long time 
in water, about as much as inflammable air is 

diminiſhed 
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diminiſhed in the ſame circumſtances. For 
this purpoſe I kept for ſome months a quart- 


bottle full of each of theſe kinds of air; but 


as different quantities of inflammable air vary 
very much in this reſpect, it is not improbable 
but that nitrous air may vary alſo. 


* one trial that I made, I conclude that 
nitrous air may be kept in a bladder much 
better than moſt other kinds of air. The air 
to which I refer was kept about a fortnight in 
a bladder, through which the peculiar ſmell of 
the nitrous air was very ſenſible for ſeveral 
days. In a day or two the bladder became 
red, and was-much contracted in its dimen- 
ſions. The air within it had loſt very little 
of its peculiar n of diminiſhing com- 
mon air. 


I did not endeavour to PROTON the exact 
quantity of nitrous air produced from given 
quantities of all the metals which yield it; 
but the few obſervations which I did make for 
this purpoſe I ſhall recite in this place: 


dvr, gr. 
6 © of ſilver yielded 174 ounce meaſures. 


5 19 of quickſilver 4+ 


x 2 of copper 145 
2. ©, of braſs 21 
o 20 of iron 16 
1 5 of biſmuth 6 
o 12 of nickel 


SECTION 
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FA infected with the ruuks of BURNING 
, CHARCOAL, 


—- 


65 "ge: infected 1 * the fumes of burning 
charcoal i: 1s well known to be noxious; and the 
Honourable Mr. Cavendiſh favoured me with 
an account of ſome experiments of his, in 
which a quantity of common air was reduced 
from 180 to 162 ounce meaſures, by paſſin 

through a red- hot iron tube filled with the 
duſt of charcoal. This diminution he aſcribed 
to ſuch a deftruttion. of common air as Dr. 
Hales imagined to be the conſequence of burn- 
ing. Mr. Cavendiſh alſo obſerved, that there 
had been.a generation of fixed air in this pro- 
ceſs, but that it was abſorbed by ſope leys, 
This experiment I alſo repeated, with a ſmal} 
yariation'of circumſtances, and with nearly the 


lame reſult. i . 


Afterwards, I endeavoured t aſcertain, by 
what appears to me to be an eaſier and more 
certain method, in what manner air is affected 
with the fumes of charcoal, viz. by ſuſpending 
bits of charcoal within glaſs veſſels, filled to a 
certain height with water, and ſtanding inverted 

K in 
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in another veſſel of water, while I threw 8 fo- 


cus of a burning mirror, or lens, upon them. 
In this manner I diminiſhed. a. given quantity 
of air one fifth, which is nearly in the ſame 
proportion with other dminygiens of air. 


If, inſtead of pure water, 1 uſed lime-water 
in this proceſs, it never failed to become turbid 
by the precipitation of the lime, which could 
only be occaſioned by fixed air, either diſcharge d 
from the charcoal, or depoſited by the common 
air. At firſt I concluded that it came from the 
charcoal; but conſidering that it is not probable 
that fixed air, confined in any ſubſtance, can 
bear ſo great a degree of heat as is neceffary to 
make charcoal, withour being wholly expelled; 
and that in other diminutions of common 
air, by phlogiſton only, there appears to be a 
depoſition of fixed air, I have now no doubt 
but that, in this caſe alſo, it is rn from 
| the ſame ſource. 


This opinion is the more probable, from 
there being the ſame precipitation of lime; in 
this proceſs, with whatever degree of heat the 
charcoal had been made. If, however, the char- 
coal had not been made with a very conſiderable 
degree of heat, there never failed to be a perma- 
nent addition of inflammable air produced, 
which agrees wich what I obſerved befare, that, 


in 
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in converting dry wood into charcoal, the 
greateſt part is changed into inflammable air. 


I have ſometimes found, that charcoal which 
was made with the moſt intenſe heat of a ſmith's 
fire, which vitrified part of a common crucible 
in which the charcoal was confined, and which 
had been continued above half an hour, did not 
diminiſh the air in which the focus of a burning 
mirror was thrown upon it; a quantity of in- 
flammable air equal to the diminution of the 
common air being generated in the proceſs: 
whereas, at other times, I have not perceived 
that there was any generation .of inflammable 

air, but a ſimple diminution of common air, 
when the charcoal had been made with a much 
leſs degree of heat. Fhis ſubject deſerves to be 


farther inveſtigated: 


To make the preceding experiment yith ſill 
more accuracy, I repeated it in quickſilver; 
when I perceived that there was a ſmall increaſe 
of the quantity of air, probably from a genera- 

tion of inflammable air. Thus it ſtood without 

any alteration a whole night, and part of the 

following day; when lime-water, being admit- 

ted to it, it preſently became turbid; and, after 

ſome time, the whole quantity of air, which 
was about four ounce meaſures, was diminiſhed 


one fifth, as before. In this caſe, J carefully 
HU hs weighed 


wa 
OO 
* 
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weighed the piece of charcoal, which was ex- 
actly two grains, and could not find that it 
was ſenſibly diminiſhed 1 in n weight by the 12255 
ration. 


Air this diminiſhed by the bes of burning 
charcoal not only extinguiſhes flame, but is in 
the higheſt degree noxious to animals; it makes 
no efftryeſeence with nitrous air, and is incapa- 
ble of being diminiſhed any farther by the fumes 
of more charcoal, by a mixture of iron filings 
and brimſtone, or by any other cauſe of the di- 
minution of air that 1 am r . 


This derivation; which reſpects al ofier 
kinds of diminithed air, proves that Dr. Hales 
was miſtaken in his notion of the ab/orption of 
air in thoſe circumſtances in which he obſerved 
it. For he ſuppoſed that the remainder was, in 
all caſes; of the ſame nature with that which 
had been abſorbed, and that the operation of the 
ſame cauſe would not have failed to produce a 
farther diminution ; whereas all my obſervations 
ſhew that air, which has once been fully di- 
- miniſhed by any cauſe whatever, .is not only 
incapable of | any' farther "diminution, either 
from the ſame or from any other cauſe, but that 
it has likewiſe acquired new properties, moſt re- 
markably different from thoſe which it had be- 
Pre — that they * in a great meaſure, the 
8 fame 
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ſame in all the caſes. Theſe circumſtances give 
reaſon to ſuſpect, that the cauſe of diminution 
is, in reality, the ſame in all the caſes. What 
this cauſe is, may, perhaps, appear in the next 
courſe of obſervations. 


SECTION VIII. 
Of the effect of the aq NATION of METaLs, 


and of the ErrT VIA of PainT made with 
Wulrz-LzAD and OL, on AIR, | 


Having been led to ſuſpect, from the expe- 
riments which I had made with charcoal, that 
the diminution of air in that caſe, and perhaps 
in other caſes alſo, was, in ſome way or other 
the conſequence of its having more than its 
uſual quantity of phlogiſton, it occurred to 
me, that the calcination of metals, which are 
generally ſuppoſed to conſiſt of nothing but a 
metallic earth united to phlogiſton, would tend 
to aſcertain the fact, and be a kind of experi- 


mentum (rucis in the caſe, 


Accordingly, Lfulpended pieces of lead and 
tin in given quantities of air, in the ſame man- 
- ner as I had before treated the charcoal ; and 
throwing the focus of a burning mirror or 
lens upon them, ſo as to make them fume 

K 3 copiouſly, 
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copiouſy, 1 preſently perceived 2 diminu- 
tion of the air, In the firſt trial that I made, 
I reduced four ounce meaſures of air to three, 
which is the greateſt diminution of common 
air that I had ever obſerved before, and which 
I accqunt for, by ſuppoſing that, in other caſes, 
there was not only a cauſe of diminution, but 
cauſes of addition alſo, either of fixed or in- 
flammable air, or ſome other permanently elaſ- 
tic matter, but that the effect of the calcina- 
tion of metals being ſimply the eſcape of phlo- 
giſton, the cauſe of diminution was alone and 
uncontrouled, 


The air, which I had thus diminiſhed by 
calcination of lead, I transferred into another 
clean phial, but found that the calcination of 
more lead in it (or at leaſt the attempt to make 
a farther calcination) had no farther effect up- 
on-it, This air alſo, like that which had been 
infected with the fumes of charcoal, was in the 
higheſt degree noxious, made no efferveſcence 
with nitrous air, was no farther diminiſhed by 
the mixture of iron filings and brimſtone, and 
was not only rendered innoxious, but alſo re- 
covered, in a great meaſure, the other proper- 
ties of common air, by waſhing in water, 


It might be ſuſpected that the noxious qua- 
lity of air in which lead was calcined, might 
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de owing to ſome fumes peculiar to that me- 
tal; but I found no ſenſible difference between 
the properties of this air, and that 1 in which tin 
was calcined, . 


"The water over which metals are calcined 
wake a yellowiſh tinge, and an exceedingly 
pungent ſmell and taſte, pretty much (as near 
as I can recollect, for I did not compare them 
together) like that over which brimſtone has 
been frequently burned. Alſo a thin and whi- 
tiſh pellicle covered both the ſurface of the 
water, and likewiſe the ſides of the phial in 
which the calcination was made; inſomuch 
that, without frequently agitating the water, it 
grew ſo opaque by this conſtantly accumulating 
incruſtation, that the ſun- beams could not be 
tranſmitted through it in a quantity ſufficient 
to produce the calcination. 


ny | 8 nn that, even when this 
air was transferred into a clean phial, the me- 
tals were not ſo eaſily melted or calcined as they 
were in freſh ait; for the air being once fully 
ſaturated with phlogiſton, may not ſo readily 
admit any more, though it be only to tranſmit 
it to the water. I alſo ſuſpected that metals 
vVere not eaſily melted or calcined in inflam- 

mable, . fixed, or nitrous air, or any kind of 
ris © K 4 116.5, 0p nn 
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| _ diminiſhed air“. None of theſe kinds of air 
ſuffered any change by this operation; nor was 
there any precipitation of lime, when charcoal 
was heated in any of theſe kinds of air ſtand- 
ing in lime-water. This furniſhes another, and 
| think a pretty decifive proof, that, in the 
precipitation of lime by charcoal, the fixed air 
| does not come from the charcoal, but from 
| the common air, Otherwiſe it is hard to aſſign 
| a reaſon, why the ſame degree of heat (or at 
leaſt a much greater) ſhould not expel the fixed 
air from this ſubſtance, though ſurrounded, by 
theſe different kinds of air, and why the fixed 
air might not be tranſmitted Rr0vBh them 0 
the lime-water. 


Query. May nat water impregnated with 
phlogiſton from calcined metals, or by any 
other method, be of ſome uſe in medicine ? 
The effect of this impregnation is exceedingly 
remarkable; but the principle with which it is 
impregnated 1 is volatile, and intirely eſcapes i in 
1 a day or two, if the ſurface of the water be 
| |; expoſed to the common atmoſphere. 


1 conclude from the experiments of M. Lavoiſier, 
which were made with a much better burning lens than I 
had an opportunity of making uſe of, that there was no 
real calcination of the metals, though they were made to 
June in inflammable or nitrous air; becauſe he was not 
able to produce more than a ſlight degree of calcination 
in any greater quantity of common air. | f 
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It ſhould ſeem that phlogiſton is retained 
more obſtinately by charcoal than it is by lead 
or tin; for when any given quantity of air is 
fully ſaturated with phlogiſton from charcoal, 
no heat that I have yet applied has been able 
to produce any more effect upon it; whereas, 
in the ſame circumſtances, lead and tin may 
ſtill be calcined, at leaſt be made to emit a co- 
pious fume, in which ſome part of the phlo- 
giſton may be ſet looſe. The air, indeed, can 
take no more; but the water receives it, and 
the ſides of the phial alſo receive an addition 
of incruſtation. This is a white powdery ſub- 
ſtance, and well deſerves, to be examined. 1 
mall endeavour to do1 it at my leiſure, 


Lime-water never W turbid by the cal- 
cination of metals over it, the calx immediately 
ſeizing the precipitated fixed air, in preference 
to the lime in the water; but the colour, ſmell, 
and taſte of the water was always changed, 
and the ſurface of it became covered with 2 
yellow: pellicle, as before. 


When this 1 was made in quickſilver, 
the air was diminiſhed only one fifth; and upon 
water being admitted to it, no more was ab- 
 forbed; which is an effect ſimilar to that of a 
mixture-of nitrous and common air, which was 
mentioned before, 

The 


The preceding experiments on the calcina- 
tion of metals ſuggeſted to me a method of 
- explaining the cauſe of the miſchief which is 
known to ariſe from freſh paint, made with 
white-lead (which I ſuppoſe is an imperfect 
cal of lead) and oil. 


To verify my hypotheſis, J firſt put a ſmall 
pot full of this kind of paint, and afterwards 
(which anſwered much better, by expoſing a 
8 ſurface of the paint) I daubed ſeveral 
pieces of paper with it, and put them under a 
receiver, and obſerved, that in about twenty- 
four hours, the air was diminiſhed between one 
fifth and one fourth, for I did not meaſure it 
very exactly. This air alſo was, as I expected 
to find, in the higheſt degree noxious ; it did 
not e with nitrous air, it was no farther 
diminiſhed by a mixture of iron filings and 
brimſtone, and was made wholeſome by _ 
tion in water r deprπ⁰ of all air. 


1 think it appears pretty evident, from the 
preceding experiments on the calcination of 
metals, that air is, ſome way or other, dimi- 
niſned in conſequence of being highly charged 
with phlogiſton; and that agitation in water 
reſtores it, by imbibiog a a * of the 
phlogiſtic matter. 

That 
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That water has a conſiderable affinity with 
phlogiſton, is evident from the ſtrong 1 Impreg- 
nation which it receives from it, May not 
plants alſo reſtore air diminiſhed by putrefaction, 
by abſorbing part of the phlogiſton with which 
it is loaded ? The greater part of a dry plant, 
as well as of a dry animal ſubſtance, conſiſts of 
inflammable air, or ſomething that is capable 
of being converted into inflammable air ; and 
it ſeems to be as probable that this phlogiſtic 
matter may have been imbibed by the roots 
and leaves of plants, and afterwards incorpo- 
rated into their ſubſtahce, as that it is alto» 
gether produced by the power of vegetation, 
May not this phlogiſtic matter be even the 
moſt eſſential part of the food and ſupport of 
both vegetable and animal bodies? 


In the experiments with metals, the diminu- 
tion of air ſeems to be the conſequence of no- 
thing but a ſaturation with phlogiſton ; and in 
all the other caſes of the diminution of air, I 
do not ſee but that it may be effected by the 
ſame means. When a vegetable or animal ſub. 
ſtance is diſſolved by putrefaction, the eſcape of 
the phlogiſtic matter (which, together with all its 
other conſtituent parts, is then let looſe from it) 
may be the circumſtance that produces the di- 
minution of the air in which it putrefies. It is 
highly improbable that what remains after an 

animal 
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animal body has been thoroughly difolved by 
putrefaction, ſhould yield ſo. great a quantity 
of inflammable air, as the dried animal ſub- 
ſtance would have done. Of this I have not 
made an actual trial, though I have often 
thought of doing it, and ſtill intend to do 
it; but I think there can be no doubt of the 


reſult, 


Again, iron, by its fermentation with brim- 
ſtone and water, 1s evidently reduced to a calx, 
ſo that phlogiſton myſt haye eſcaped from it, 
| Phlogiſton alſo muſt evidently be ſet looſe by 

the ignition of charcoal, and is not improbably 
the matter which flies off from paint, compoſed 
of white-lead and oil. Laſtly, fince ſpirit of 
nitre is known to have a very remarkable affini- 
ty with phlogiſton, it is far from being impro- 
bable that nitrous air may alſo produce the 


ſame effect by the ſame means. 


To this hypotheſis i it may be objected, that, 
if diminiſhed air be air ſaturated with oh 
giſton, it ought to be imflammable. But this 
by no means follows; ſince its inflammability 
may depend upon ſome particular mode of com- 
bination, or degree of affinity, with which we 
are not acquainted. Beſides, inflammable air 
ſeems to conſiſt of ſome other principle, or to 
have ſome other conſtituent part, beſides phlo- 

*  giſton 
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giſton and common air, as is probable from 
that remarkable depoſit, which, as I have ob- 
ſerved, is made by inflammable air, both from 
iron and ZINC, 


iti is gb however, but chile A 
greater degree of heat may inflame that air 
which extinguiſhes a common candle, if it 
could be conveniently applied. Air that is 
infſammable, I obſerve, extinguiſhes red-hot 
wood]; and indeed inffammable ſubſtances can 
only be thoſe which, in a certain degree of 
heat, have a leſs affinity with the phlogiſton 
they contain, than the air; or ſome other con- 
tiguous ſubſtance,” has with it; ſo that the 
Phlogiſton only quits one ſubſtance, with which 
it was before combined, and enters another, 
with which it may be combined in a very dif- 
ferent manner. This ſubſtance, however, whe- 
ther it be air or any thing elſe, being now 
fully ſaturated with phlogiſton, and not being 
able to take any more, in the ſame circum- 
ſtances, muſt neceſſarily extinguiſh fire, and 
put a ſtop to the ignition of all other bodies, 
that i is, to the farther eſcape of any gs from 


them. 


That plants reſtore noxious air, by: imbibing 
the phlogiſton with which it is loaded, is very 
agretable to the conjectures of Dr. Franklin, 
made 
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made many years ago, and expreſſed | in the 
following extract from the laſt edition of his 
Letters, p. 346. 


ce ] have been inclined to think that the fluid 
« fire, as well as the fluid air, is attracted by 
« plants in their growth, and becomes con- 
« ſolidated with the other materials of which 
cc they are formed, and makes a great part of 
« their ſubſtance ; ; that, when they come to 
« be digeſted, and to ſuffer in the veſſels a 
« kind of fermentation, part of the fire, as 
te well as part of the air, recovers its fluid 
« active ſtate again, and diffuſes itſelf in the 
« body, digeſting and ſeparating it; that the 
te fire ſo re- produced, by digeſtion and ſepara- 
cc © tion, continually leaving the body, its place 

ce is ſupplied by freſh quantities, ariſing from 
« the continual | ſeparation that whatever 
« quickens the motion of the fluids in an 
« animal, quickens the ſeparation, and re-pro- 
&« duces more of the fire, as exerciſe; that all 
« the fire emitted by wood, and other com- 
cc buſtibles, when burning, exiſted in them be- 
« fore, in a ſolid ſtate, being only diſcovered 
« when ſeparating ; that ſome foſſils, as ſul- 
« phur, ſea-coal, &c. contain a great deal of 
« ſolid fire; and that, in ſhort, what eſcapes 
ec and is diſſipated in the burning of bodies, 
<« (beſides water and earth, is generally the 
be 5 I « ar 
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e air and fire, that before made parts of the 
& Mid 
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ay very much ſtruck with the reſult of 
an experiment of the Hon. Mr. Cavendiſh, re- 
lated Phil. Tranſ. Vol. LVI. p. 157. by which, 
though, he ſays, he was not able to get any 
inflammable air from copper, by means of ſpi- 
rit of ſalt, he got a much more remarkable 
kind of air, viz. ane that loſt; its elaſticity by 
coming into contact with water, I was exceed- 
ingly deſirous of making myſelf acquainted 
with it. On this account, I began with mak - 
ing the experiment in quickſilver, which 1 
never failed to do in any cafe in which I ſuf- 
pected that air might either be abſorbed By 
water, or be in any other manner affected by 
it; and by this means I preſently got a much 
more diſtinct idea of the nature and effects of 
this curious ſolution. 


* 4 7 | © » 
1 : 7 . : 


Having put ſome copper filitigs i into a ſinall 
Pro with a quantity of ſpirit of ſalt ; and 
making the air (which was 78 7 in great 
heat) aſcend into 

a tall 


plenty. an the WOT. 0 
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4 tall glaſs veſſel full of quickfilver, and ſtand-: 
ing in quickſilver, the whole produce conti- 
nued a conſiderable time without any change 
of dimenſions. I then introduced a ſmall 
quantity of water to it; when about three 
fourths of it (the whole being about four 
ounce meaſures preſently, but gradually, diſ- 
| appeared, the quickſilver riſing in the veſſel. 
| 1 then introduced a conſiderable quantity of 
water ; but there was no farther diminution of 
the air, and the remainder T found to be in- 


flammable. © 


- 
op «qt- 
PR”: — » . 


1 


Hains ale METS this Wrobel} 2 
long time after the admiſſion of the water, 
,wasmuch amuſe d [with obſerving the large bub- 
hs 
bles "of the newly generated air, which came 
through the quickſilver, the ſudden diminution 
'of them when they came to the water, and the 
yery 7 {mall bubbles which went through the wa- 

ter. They made, however, a continual, though 
Ay; increaſe of inflammable 3 air. 2 

O air, being admitted to the whole pro- 
duce of this air from copper, had no ſenſible 
effect upon it. Upon the admiſſion of water, 
A great part of the mixture preſently diſap- 
, peared ; another part, which I ſuppoſe to have 
been the fixed air, was abſorbed lowly; and 


in this particular caſe the very ſmall permanent 
reſi- 


Marine acid Air. | 145 


reſiduum did not take fire; but it is very 
poſſible that it might have done ſo, if the 
quantity had been greater. ; 


The ſolution of lead in the marine acid is at- 
tended with the very ſame phænomena as the 
ſolution of copper in the ſame acid; about 
three fourths of the generated air diſappearing 
on the admiſſion of water; and the remainder 
being inflammable. 


The ſolutions of iron, tin, and zinc, in the 
marine acid, were all attended with the ſame 
phænomena as the ſolutions of copper and 
lead, but in a leſs degree; for in iron one 
eighth, in tin one ſixth, and in zinc one tenth 
of the generated air diſappeared on the admiſ— 
ſion of water. The remainder of the air from 
iron, in this caſe, burned with a green, or very 
light blue flame. 
I had always thought it ſomething extraor- 
dinary that a ſpecies of air ſhould Jo/e its elaſti- 
city by the mere conta# of any thing, and from 
the firſt ſuſpected that it muſt have been im- 
bibed by the water that was admitted to it; but 
ſo very great a quantity of this air diſappear- 
ed upon the admiſſion of a very ſmall quan- 

tity of water, that at firſt I could not help con- 
cluding that appearances favoured the former 


L hypo- 


146 Obſervations on 


hypotheſis. I found, however, that when 1 
admitted a much ſmaller quantity of water, 
confined in a narrow glaſs tube, a part only of 
the air diſappeared, and that very ſlowly, and 
that more of it vaniſhed upon the admiſſion of 
more water. This obſervation put it beyond 
a doubt, that this air was properly imbibed 
by the water, which, being once fully ſatu- 
rated with it, was not capable of receiving any 
more. | 


The water thus impregnated taſted very 
acid, even when it was much diluted with 
other water, through which the tube contain- 
ing it was drawn. It even diſſolved iron very 
faſt, and generated inflammable air. This 
laſt obſervation, together with another which 
immediately follows, led me to the diſcovery 
of the true nature of this remarkable kind of 
air. 


Happening, at one time, to uſe a good deal 
of copper and a ſmall quantity of ſpirit of 
ſalt, in the generation of this kind of air, I 
was ſurprized to find that air was produced 
long after, I could not but think that the acid 
muſt have been ſaturated with the metal; and 
I alſo found that the proportion of inflamma- 
ble air to that which was abſorbed by the water 
continually diminiſhed, till, inſtead of being 

one 
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one fourth of the whole, as I had firſt obſerved, 
it was not ſo much as one twentieth. Upon 
this, I concluded that this ſubtle air did not 
ariſe from the copper, but from the ſpirit of 
ſalt; and preſently making the experiment with 
the acid only, without any copper, or metal of 
any kind, this air was immediately produced 
in as great plenty as before; ſo that this re- 
markable kind of air is, in fa&, nothing more 
than the vapour, or fumes of ſpirit of ſalt, 
which appear to be of ſuch a nature, that they 
are not liable to be condenſed by cold, like the 
-yapour of water, and other fluids, and there- 
fore may be very properly called an acid air, 
or more reſtrictively, the marine acid air. 


This elaſtic acid vapour, or acid air, extin- 
guiſhes flame, and 1s much heavier than com- 
mon air; but how much heavier, will not be 
eaſy to aſcertain, A cylindrical glaſs veſſel, 
about three fourths of an inch in diameter, 
and four inches deep, being filled with it, and 
turned upſide down, a lighted candle may be 
let down into it more than twenty times before 
it will burn at the bottom. It is pleaſing to 
obſerve the colour of the flame'in this experi- 
ment; for both before the candle goes out, and 
alſo when it is firſt lighted again, it burns with 
a beautiful green, or rather Iighr-blue flame, 
ſuch as is ſeen when common falt is thrown in- 


to the fire, 
_ L 2 When 
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When this air is all expelled from any quan- 
tity of ſpirit of ſalt, which is eaſily perceived 
by the ſubſequent vapour being condenſed by 
cold, the remainder is a very weak acid, barely 
capable of diſſolving iron. 


Being now in the poſſeſſion of a new ſubject 
of experiments, viz. an elaſtic acid yapour, in 
the form of a permanent air, eaſily procured, 
and effectually confined by glaſs and quickſil- 
ver, with which it did not ſeem to have any 
affinity ; I immediarely began to introduce a 
variety of ſubſtances to it, in order to aſcer- 
tain its peculiar properties and affinities, and 
alſo the properties of thoſe other bodies with 
reſpect to it. 


Beginning with water, which, from preced- 
ing obſervations, I knew would imbibe it, and 
become impregnated with it; I found that 2+ 
grains of rain-water abſorbed three ounce mea- 
ſures of this air, after which it was increaſed 
one third in its bulk, and weighed twice as 
much as before; ſo that this concentrated va- 
pour ſeems to be twice as heavy as rain-water : 
Water impregnated with it makes the ſtrongeſt 
ſpirit of ſalt that I have ſeen, diſſolving iron 
with the moſt. rapidity. Conſequently, two 
thirds of the beſt ſpirit of ſalt is nothing more 
than mere phlegm or water. 


Iran 
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Iron filings, being admitted to this air, were 
diſſolved by it pretty faſt, half of the air diſap- 
pearing, and the other half becoming inflamma- 
ble air, not abſorbed by water. Putting chalk 
to it, fixed air was produced. 


I had not introduced many ſubſtances to this 
air, before I diſcovered that it had an affinity 
with phlogiſton, ſo that it would deprive other 
ſubſtances of it, and .form with it ſuch an 
union as conſtitutes inflammable. air ; which 
ſeems to ſhew, that inflammable air univerſally 
conſiſts of the union of ſome acid vapour with 


phlogiſton. 


Inflammable air was produced, when to this 
acid air I put ſpirit of wine, oil of olives, oil 
of turpentine, charcoal, phoſphorus, bees-wax, - 
and even ſulphur. This laſt obſervation, I 
own, ſurprized me; for, the marine acid being 
reckoned the weakeſt of the three mineral 
acids, I did not think that it had been capa- 
ble of diſlodging the oil of vitriol from this 
ſubſtance ; but I found that it had the very 
ſame effect both upon alum and nitre; the vi- 
triolic acid in the former caſe, and the nitrous 
in the latter, giving place to the ſtronger va- 
pour of ſpirit of ſalt, 
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The ruſt of iron, and the precipitate of ni- 
trous air made from copper, alſo imbibed this. 
air very faſt, and the little that remained of it 
was inflammable air ; which proves, that theſe 
calces contain phlogiſton. It ſeems alſo to be. 
pretty evident, from this experiment, that the 
precipitate above mentioned is a real calx of 
the metal, by the ſolution of which the nitrous. 
air is generated. | 


As ſome tenlickeble tirculnitahces attend the 
abſorption of this acid air, by the ſubſtances 
above-mentioned, I ſhall briefly mention them, 


Spirit of wine abſorbs this air as readily as 
water itſelf, and is increaſed in bulk by that 
means. Alſo, when it is ſaturated, it diſſolves 
iron with as much rapidity, : and ſtill continues 
iaflammable. 


| Oil of olives abſorbs this air very ſlowly, 
and at the ſame time, it turns almoſt black, and 
becomes glutinous. It is alſo leſs miſcible with 
water, and acquires a very diſagreeable ſmell. 
By continuing upon the ſurface of the water, it 
became white, and its offenſive ſmell went off 
. A few days. ar 


Oil of turpentine abſorbed this air very faſt, 
* turning W and almoſt black. No inflam- 
1 4 7 mable 
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mable air was formed, till I raiſed more of the 
acid air than the oil was able to abſorb, and let 
it ſtand a conſiderable time; and ſtill the air 
was but weakly inflammable. The ſame was 
the caſe with the oil of olives, in the laſt- men- 
tioned experiment; and it ſeems to be pro- 

bable, that, the longer this acid air had con- 
tinued in contact with the oil, the more phlo- 
giſton it would have extracted from it, It is 
not wholly improbable, but that, in the inter- 
mediate ſtate, before it becomes inflammable 
air, it may be nearly of the nature of common 
air. 


Bees-wax abſorbed this air very flowly. 
About the bigneſs of a hazel-nut of the wax 
being put to three ounce meaſures of the acid 
air, the air was diminiſhed one half in two 
days, and, upon the admiſſion of water, half 
of the remainder alſo diſappeared. This air was 
ſtrongly inflammable. | = 


Charcoal abſorbed this air very faſt. About 
one fourth of it was rendered immiſcible in 
water, and was hut weakly inflammable. 


A ſmall bit of phoſphorus, perhaps about 
half a grain, ſmoked, and gave light in the acid 
air, juſt as it would have done in common 
air confined. It was not ſenſibly waſted after 

" ES con- 
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continuing about twelve hours in that ſtate, 
and the bulk of the air was very little dimi- 
niſned. Water being admitted to it abſorbed it 
as before, except about one fifth of the whole. 
It was but weakly inflammable. * RL. 


Putting ſeveral pieces of ſulpbur to this air, 
it was abſorbed but ſlowly. In about twenty- 
four hours about one fifth of the quantity had 
diſappeared ; and water being admitted to the 
remainder, very little more was abſorbed. The 
remainder was inflammable, and burned with 
a blue flame. 


Notwithſtanding the affinity which this acid 
air appears to have with phlogiſton, it is not 
capable of depriving all bodies of it. I found 
that dry wood, cruſts of bread, and raw fleſh, 
very readily imbibed this air, but did not part 
with any of their-phlogiſton to it, All theſe 
ſubſtances turned very brown, after they had 
been ſome time expoſed to this air, and taſted 
very ſtrongly of the acid when they were taken 
out; but the fleſh, when waſhed in water, be- 
came very white, and the fibres eaſily ſeparated 
from one another, even more than they would 
have done if it had been boiled or roaſtedꝰ. 


It will be ſeen, in the ſecond part of this work, that, 
in ſome of theſe proceſſes, I had afterwards more ſucceſs. 


b . When 
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When I put a piece of, /a/tpetre to this air 
it was preſently ſurrounded with a white fume, 
which ſoon filled the whole veſſel, exactly like 
the fume which burſts from the bubbles of 
nitrous air, when it is generated by a vigorous 
fermentation, and ſuch as is ſeen when nitrous 
air is mixed with this acid air. In about a 
minute, the whole quantity of air was abſorbed, 
except a very little, which might be the com- 
mon air that had lodged upon the ſurface of 
the n of ſalt within the phial. 4 


A piece of alum expoſed to this air turned 
yellow, abſorbed it as faſt as the ſaltpetre had 
done, and was reduced by it to the form of a 
powder. Common ſalt, as might be expected, 
had no effect whatever on this marine acid air. 


I had alſo imagined, that if air diminiſhed 
by the proceſſes above-mentioned was affected 
in this manner, in conſequence of its being 
ſaturated with phlogiſton, a mixture of this 
acid air might imbibe that phlogiſton, and 
render'it wholeſome again; but I put about 
one fourth of this air to a quantity of air in 
which metals had been calcined, without 
making any ſenſible alteration in it. I do not, 
however, infer from this, that air is not dimi- 
niſhed by means of phlogiſton, ſince the com- 


mon 15 like ſome other ſubſtances, may hold 
the 
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the phlogiſton too faſt, to be deprived of it by 
this acid air, | 


T ſhall conclude my account of theſe experi- 
ments with obſerving, that the electric ſpark 
is viſible in acid air, exactly as it is in common 
air; and though I kept making this ſpark a 
conſiderable time in a quantity of it, I did not 
perceive that any ſenſible alteration was made 
in it. A little inflammable air was produced, 
but not more than might have come from the 
two iron nails which I made uſe of in taking 


the ſparks. 
SECTION Xx. 
MrscztLawzous | OBSERVATIONS. 


1. As many of the preceding obſervations 
relate to the vinous and putrefactive fermentas» 
tions, I had the curioſity to endeavour. to aſcer- 
tain in what manner the air would be affected 
by the acetous fermentation, For this purpoſe 
I incloſed a phial full of ſmall beer in a jar 
ſtanding in water; and obſerved that, during 
the firſt two or three days, there was an increaſe 
of the air in the jar, but from that time it gra- 
dually decreaſed, till at length there appeared 
to be a diminution of about one tenth of the 
quantity. | 

During 
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During this time the whole ſurface of it was 
gradually covered with a ſcum, beautifully cor- 
rugated. After this there was an increaſe of 
the air till there was more than the original 
quantity; but this muſt have been fixed. air, 
not incorporated with the reſt of the maſs; for, 
withdrawing the beer, which I found to be ſour, 
after it had ſtood 18 or 20 days under the jar, 
and paſling the air ſeveral times through cold 
water, the original quantity was diminiſhed, 
about one ninth. In the remainder a candle 
would not burn, and a mouſe would have died, | 
. | 


The ſmell. of this air was excredivats pun- 
gent, but different from that of the putrid 
effluvium. A mouſe lived perfectly well in 
this air, thus affected with the acetous fermen- 
tation; after it had ſtood ſeveral days mixed 
with four times the quantity of fixed air. 


2. All the kinds of factitious air on which 1 
have yet made the experiment are highly noxi- 
ous, except that which is extracted from ſalt- 
petre, or alum; but in this even a candle burned 
1 as in common eir r In one quantity which 


I got 


Experiments, of which ati account will be given ix 


the ſecond part of this work, make it probable, that 
though a candle burned even more than well in this air, an 
| animal 
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I got from ſaltpetre a candle not only burned, 
but the flame was increaſed, and ſomething was 
heard like a hiſſing, ſimilar to the decrepitation - 
of nitre'in an open fire. This experiment was 
made when the air was freſh made, and while 
it probably contained ſome particles of nitre, 
which would have been depoſited afterwards. 
The air was extracted from theſe ſubſtances 
by heating them in a gun-barrel, which was 
much corroded and ſoon ſpoiled by the experi- 
ment. What effect this circumſtance may have 
had upon the air I have not conſidered. 


November 6, 1772, I had the curioſity to 
examine the ſtate of a quantity of this air 
which had been extracted from faltpetre above 

a year, and which at firſt was perfectly whole- 
ſome; when, to my very great ſurprize, I found 
that it was become, in the higheſt degree, 
noxious. It made no efferveſcence with nitrous 
air, and a mouſe died the moment it was put 
into it. I had not, however, waſhed it in rain- 
water quite ten minutes (and perhaps leſs time 
would have been ſufficient) when I found, upon 
trial, that ĩt was reſtored to its former perfectly 
wholeſome ſtate. It efferveſced with nitrous air 
as much as the beſt common air ever does, and 


animal would not have lived in it. At the time of this 
firſt publication, PO # a *. no idea of this being 
— nature. Warri: M13 D323 31G 
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even a candle burned in it very well, which I had 
never before obſerved of any kind of noxious 
air meliorated by agitation in water. This 
ſeries of facts, relating to air extracted from 
nitre, appear to me to be very extraordinary 
and important, and, in able hands, ny lead 
to EY} diſcoveries. 


3- There are any which impreg- 
nate common air in a very remarkable manner, 
but without making it noxious to animals. A- 
mong other things I tried volatile alkaline ſalts, 
and camphor; the latter of which I melted with 
a burning-glaſs, in air incloſed in a phial. The 
mouſe, which was put into this air, ſneezed and 
coughed very much, eſpecially afrer it was 
taken out ; but it preſently recovered, and did 
not appear to have been ſenſibly injured. 


4. Having made ſeyeral experiments with a 
mixture of iron filings and brimſtone, kneaded 
to a paſte with water, I had the curioſity to try 
what would be the effect of ſubſtituting r 
duft in the place of the iron filings, The reſult 
was, that when this mixture had ſtood about 
three weeks, in a given quantity of air, it had 
turned black, but was not increaſed in bulk, 


The air alſo was neither ſenſibly increaſed nor 


decreaſed, but the nature of it was changed ; 


for it extinguiſhed flame, it would have 


* , Killed 


——_ 
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killed a mouſe preſently, and was not reſtored 
by fixed air, which had been mixed with it 
ſeveral days. | 


5. I have frequently mentioned my having, 
at one time, expoſed equal quantities of diffe- 
rent kinds of air in jars ſtanding in boiled water. 
Common air in this experiment was diminiſhed 
four ſevenths, and the remainder extinguiſhed 
flame. This experiment demonſtrates that water 
does not abſorb air equally, but that it decom- 
poſes it, taking one part, and leaving the reſt. 
To be quite ſure of this fact, I agitated a 
quantity of common air in boiled water, and 
when I had reduced it from eleven ounce mea- 
ſures to ſeven, I found that it extinguiſhed a 
candle, but a mouſe lived in it very well. At 
another time a candle barely went out when the 
air was diminiſhed one third, and at other times 
I have found this effect take place at other very 
different degrees of diminution. 


This difference I attribute to the differences 
in the ſtate of the water with reſpect to the air 
contained in it; for ſometimes it had ſtood 
longer than at other times before I made uſe of 
it, I alſo uſed diſtilled-water, rain-water, and 
water out of which the air had been pumped, 
promiſcuouſly with rain- water. I even doubt 
not but that, in a certain ſtate of the water, 

"= there 
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there might be no ſenſible difference in the 
bulk of the agitated air, and yet at the end of 
the proceſs it would extinguiſh a candle, air 
being ſupplied from the water in the place of 
that part of the common air which had been 


abſorbed. 


It is certainly a little extraordinary that the 
very ſame proceſs ſhould ſo far mend putrid 
air, as to reduce it to the ſtandard of air in 
which candles have burned out; and yet that it 
ſhould ſo far injure common and wholeſome air 
as to reduce it to about the ſame ſtandard: but 
ſo the fact certainly is. If air extinguiſh flame 
in conſequence of its being previouſly ſaturated 
with phlogiſton, it muſt, in this caſe, have been 
transferred from the water to the air; and it 
is by no means inconſiſtent with this hypotheſis 
to ſuppoſe, that, if the air be over ſaturated 
with phlogiſton, the water will imbibe it, till it 
be reduced to the ſame proportion that agitation 
in water would have communicated to it. 


To a quantity of common air, thus dimi- 
niſhed by agitation in water, til] it extinguiſhed 
a candle, I put a plant, but it did not ſo far re- 
ſtore it as that a candle would burn in it again; 
which to me appeared not a little extraordinary, 
as it did not ſcem to be in a worſe ſtate than 

air 
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air in which candles had burned out, and 


which had never failed to be reſtored by the 
fame means. 


I had no better ſucceſs with a quantity of 
permanent air which I had collected from my 
 pump-water. Indeed theſe experiments were 
begun before I was acquainted with that pro- 
perty of nitrous air, which makes it ſo accu- 
rate a meaſure of the goodneſs of other kinds 
of air; and it might perhaps be rather too late 
in the year when I made the experiments. 
Having neglected theſe two jars of air, the 
plants died and putrefied in both of them; 
and then I found the air in them both to be 
highly noxious, and to make no efferveſcence 
with nitrous air. 


I found that a pint of my pump-water con- 
tained about one fourth of an ounce meaſure 
of air, one half of which was afterwards ab- 
ſorbed by ſtanding in freſh pump-water. A 
candle would not burn in this air, but a mouſe 

lived in it very well. Upon the whole; it 
ſeemed to be in about the ſame ſtate as air in 
which a candle had burned out. 


6. I once imagined that, by mere fagnation, 
air r might become unfit for reſpiration, or at leaſt 
the 
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the burning of candles ; but if this be the caſe, 
and the change be produced gradually, it muſt 
require along time for the purpoſe. For on the 
22d of September 1772, I examined a quantity 
of common air, which had been kept in a 
phial, without agitation, from May 1771, and 
found it to be in no reſpect worſe than freſh air, 
even by the teſt of the nitrous air. 


7. The cryſtallization of nitre makes no 
ſenſible alteration in the air in which the pro- 
ceſs is made. For this purpoſe I diſſolved as 
much nitre as a quantity of hot water would 
| contain, and let it cool under a receiver, ane 
ing in water, 


8. November 6, 1772, a quantity of inflam- 
mable air, which, by long keeping, had come 
to extinguiſh flame, I obſerved to ſmell very 
much like common air in which a mixture of 
iron filings and brimſtone had ſtood, It was 
not, however, quite ſo ſtrong, bus it was 


equally noxious. 


9. Biſmuth and nickel are diſſolved in the ma- 
rine acid with the application of a conſiderable 
degree of heat; but little or no air is got from 


either of them; but, what I thought a little re- 
M markable, 


8 
+ 0 
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markable, 7 both of them ſmelled | very much 
like Harrowgate water, or liver of ſulphur. 
This ſmell I have met with ſeveral times in 
the courſe of my experiments, and in Ferne 
very n n one berger 
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FT ER I had ooh the — of 
the marine acid air, which the vapour of 
ſpirit of ſalt may properly enough be called, 
and had made thoſe experiments upon it, of 
which I have given an account in the former 
part of this work, and others which I pro- 
poſe to recite in this part; it occurred to me, 
that, by a proceſs ſimilar to that by which this 
acid air is expelled from the ſpirit of ſalt, an 
alkaline air might be expelled from * 
— volatile atkali.. 4» 


M 2 Acs 
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Accordingly I procured ſome volatile ſpirit of 
ſal ammoniac, and having put it into a thin 
phial, and heated it with the flame of a candle, 
I preſently found that a great quantity of va- 
pour was diſcharged from it; and: being re- 
ceived in a veſſel of quickſilver, ſtanding 1 in a 
baſon of quickſilver, it continued in the form 
of a tranſparent and permanent air, not at all 
condenſed by cold; ſo that I had the ſame op- 
portunity of making experiments upon it, as 1 
had before on the acid air, being in the ſame 
fayourable 1 


With the Mal eaſe I Alſo cured this air 
from ſpirit of bartſporn, and ſal volatile either 
in a fluid or ſolid form, 1. e. from thoſe yolatile 
alkaline ſalts which are produced by the diſtil- 
lation of ſal ammoniac with fixed alkalis. 
But in this caſe I ſoon found that the alkaline 
air I procured was not pure; for the fixed air, 
which entered into the compoſition of my ma- 
terials, was expelled along with it. Alſo, unit- 
ing again with the alkaline air, in the glaſs 
tube through which they were conveyed, they 
ſtopped it up, and were often the means of 
burſting my veſſels. 


While theſe experiments were new to me, 
1 Linugiatd that I was able to procure this air 
with peculiar 2 and in the greateſt 
abundance, 
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abundance, either from the ſalts in a dry ſtate, 
when they were juſt covered with water, or ih a 
perfectly fluid ſtate; for, upon applying a can- 


dle to the phials in which they were contained, 


there was a moſt aſtoniſhing production of air ; 
but having examined it, I found it to be chiefly 
fixed air, eſpecially after” the firſt or ſecond 
produce from the ſame materials; and remov- 
ing my apparatus to à trough of water and 
uſing the water inſtead of quickſſlver, I found 
that it was not preſently abſorbed by it. 


This, however, appears to be an eaſy and 
elegant method of procuring fixed air, from a 
ſmall quantity of materials, though there muſt 
be 4 mixture of alkaline air along with it; as 


it is by means of its combination with this 


principle only, that it is poſſible, that ſo much 
fixed air ſhould be retained in any liquid, 
Water, at leaſt, we know, cannot be made to 


contain much more than its own bulk of fixed 
air 4 | aN 


Alter this diſappointment; I confined myſelf 

to the uſe of that volatile ſpirit of ſal ammo- 
niac which is procured by a diſtillation with 
Naked lime, which contains no fixed air; and 
which ſeems, in a general ſtate, to contain 


I 


about as much alkaline air, as an equal quan- ] 


9 of ſpirit of ſalt contains of the acid air. 
M 3 Wanting, 
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Manting, however, to procure this air in 
greater quantities, and this method being rather 
expenſive, it occurred to me, that alkaline air 
might, probably, be procured, with the moſt 
eaſe and convenience, from the original mate- 
rials, mixed in the ſame proportions that che- 
miſts had found by experience to anſwer the 

beſt f for the production of the volatile ſpirit of 

ſal ammoniac. Accordingly I mixed one fourth 
of pounded ſal ammoniac, with three fourths 
of ſlaked lime; and filling a phial with the mix- 
ture, I preſently found it completely anſwered 
my. purpoſe. - The heat of a candle expelled 
from this;mixture a prodigious quantity of al- 
kaline, air; and the ſame materials (as much 
as filled an ounce phial) would ſerve me a con- 
ſiderable time, without changing; eſpecially 
when, inſtead of a glaſs phial, I made uſe of a 
ſmall iron tube, which I find much more con- 
ane for the . 


on water hes begins to riſe in this proceſs, i it 

is neceſſary, if the air is intended to be conveyed 
perfectly dry into the veſſel of quickfilver, to 
have a ſmall veſſel in which this water (which 
is the common volatile ſpirit of ſal ammoniac) 
may be received. This ſmall veſſel muſt be in- 
terpoſed between the veſſel which contains the 
materials for the generation of the air, and that 
in which it is to be received, as 4 fig. 8, 

. yarns W This 


This altaline air being perfectly analogous to 
the acid ait, I was naturally led to inveſtigate 
the properties of it in the ſame manner, and 
nearly in the ſame order. From this analogy 1 
concluded, as I preſently found to be the fact, 
that this alkaline air would be readily imbibed 
by water, and, by its union with it, would form 
a volatile ſpirit of ſal ammoniac. And as the 
water, when admitted to the air in this man- 
ner, confined by quickſilver, has an opportu- 
nity of fully ſaturating itſelf with the alkaline 
vapour, it is made prodigiouſly ſtronger than 
any volatile ſpirit of ſal ammoniac that I have 
ever ſeen; and I beheye ſtronger than 1 it can 
be made in ant common way. | F 


* order to aſcertain what addition, with re- 
ſpect to quantity and weight, water would ac- 
quire by being ſaturated with alkaline air, I put 
1 f grains of rain-water into a ſmall glaſs tube, 
cloſed: at one end with cement, and open at the 
other, the column of water meaſuring 2 of 
an inch; and having introduced it through the 
quickſilver into a veſſel containing alkaline air, 
obſerved that it abſorbed ⁊ of an ounce meaſure 
of the air, and had then gained about half a 
grain in weight, and was increaſed to 8 + tenths 
of an inch in length. I did not make a ſecond 
experiment of this Kind, and therefore will not 
anſwer for the exactneſs of theſe proportions in 

Ma future 
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future trials. What I did ſufficiently anſweted 
my ee in Aa (tv view of the * 


* | When I had, at one time, ſaturated a quan- 
tity of diſtilled water with alkaline air, ſo that 
a good deal of the air remained unabſorbed on 
the ſurface of the water, I obſerved that, as I 
continued to throw up more air, a conſiderable 
proportion of it was imbibed, but not the whole; 
and when I had let the apparatus ſtand a day, 
much more of the air that lay on the ſurface 
was imbibed, And after the water would imbibe 
no more of the old air, it imbibed ew. This 
ſhews that water requires a conſiderable time to 
ſaturate itſelf with this kind of air, and that 
part of it more readily unites with water than 


the reſt. 


The fiend is alſo, probably, the caſe with all 
the kinds of air with which water can be im- 
pregnated. Mr. Cavendiſh made this obſerva- 
tion with reſpect to fixed air, and I repeated 
the whole proceſs above-mentioned with acid 
air, and had preciſely the ſame reſult. The al- 
kaline water which I procured in this experi- 
ment was, beyond compariſon, ſtronger to the 
ſmell, than any ſpirit of ſal ammoniac that I 
had ſeen. 


This 
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This experiment led me to attempt the mak- 
ing of ſpirit of fal ammoniac in a larger quan- 
tity, by impregnating diſtilled water with this 
— air. For this purpoſe I filled a piece of 
- barrel with the materials above-mention- 
ed and luted to the open end of it a ſmall glaſs 
tube, one end of which was bent, and put 
within the mouth of a glaſs veſſel, containing 
a quantity of diſtilled water upon quickſilver, 
ſtanding in a baſon of quickſilver, as in fig. 7. 
In theſe circumſtances the heat of the fire, 
applied gradually, expelled the alkaline air, 
which, paſſing through the tube, and the 
quickſilver, came at laſt to the water, which, 
in time, became fully ſaturated with it. 


By this means I got a very ſtrong alkaline 
liquor, from which I could again expel the al- 
kaline air which I had put into it, whenever it 
happened to be more convenient to me to get 
it in that manner. This proceſs may eaſily be 
performed in a till larger way; and by this 
means a liquor of the ſame nature with the 
volatile ſpirit of fal ammoniac, might be made 
much ſtronger, and much cheaper, than it is 


now made, N 

Having ſatisfied myſelf with reſpeC to the 
relation that alkaline air bears to water, I was 
impatient to find what would be the conſequence 


of 


— 
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of mixing this new air with the other kinds 
with which I was acquainted before, and eſpe- 
cially. with, acid air; having a notion that theſe 
two airs, being of oppoſite natures, might com- 
poſe a neutral air, and perhaps the very ſame 
thing with common air. But the moment that 
theſe two kinds of air came into contact, a beau- 
tiful white cloud was formed, and preſently 
filled the whole veſſel in which they were con- 
tained. At the ſame time the quantity of air 
beg an to diminiſn, and, at length, when the 
— Was ſubſided, there appeared to beformed 

a ſolid white: ſalt, which, was found to be the 
common /al ammoniac, or the marine acid united 
to the volatile alkali. * 


The firſt quantity that I produced immedi- 
ately deliqueſced, upon being expoſed to the 
common air; but if it was expoſed in a very 
dry and warm place, it almoſt all evaporated, 
in a white cloud. I have, however, ſince, from 
the ſame materials, produced the ſalt above- 
mentioned in a ſtate not ſubject to deliqueſce 
or evaporate. This difference, I find, is owing 
to the proportion of the two kinds of air in the 
compound. It is only volatile when there is 
more than a due proportion of either of the 
conſtituent parts. In theſe caſes the ſmell of the 
ſalts is extremely pungent, but very different 
from one another; being manifeſtly acid, or 

alkaline, 
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alkaline; according to the e af mn 
of theſe-airs 3 | e off 
Roy 201 
Nitrous air 1 to alkaline air likewiſe 
occaſioned /awhitiſhicloud, and part of che air 
was abſorbed; but it pteſently grew clear again; 
leaving only a little dimneſs on the ſides of the 
veſſel. This, however, might be a kind of 
= formed'by the union of the two kinds of 
There was no other ſalt formed that I 
could perceive. Water being admitted to this 
mixture of nitrous and alkaline air preſently ab- 
ſorbed the latter, and left the former n 
of its n properties. |; f 


Fixed air admitted to alkaline air b derbe 
chicew and ſlender cryſtals, which' croſſed one 
another, and covered the ſides of the veſſel in 
the form of net-work. Theſe cryſtals muſt 
be the ſame thing with the volatile alkalis 
which chemiſts get in a ſolid form, by the 
diſtillation of ſal ammoniac with fixed 3 
ſalts. | 


 Inflammable air admitted to alkaline air ex- 
hibired no particular appearance. Water, as 
in the former experiment, abſorbed the alka- 
line air, and left the inflammable air as it was 
before, It was remarkable, however, that the 
water which was admitted to them became 
I whitiſh, 
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whitiſh, and that this white cloud ſettled, in 
the form of a white powder, to the bottom of 
the veſſel. 


Alkaline air mixed with common air, and "4 


ſtanding together ſeveral days, firſt in quick- 
filyer, and then in water (which abſorbed the 
- alkaline air) it did not appear that there was 
any change produced in the common air: at 
leaſt it was as much diminiſhed by nitrous air 
as before. The ſame was the caſe with a mix- 
ture of acid air and common air. 


Having mixed air that had been diminiſhed 
by the fermentation of a mixture of iron filings 
and brimftone with alkaline air, the water ab- 
ſorbed the latter, but left the former, with re- 
ſpect to the teſt of nitrous air (and therefore, 
as I conclude, with reſpect to all its properties) 
the ſame that it was before. 


Spirit of wine imbibes alkaline air as readily 
as water, and ſeems to be as inflammable after- 
wards as before. | 


Alkaline air contracts no union with olive oil. 
They were in contact almoſt two days, without 
any diminution of the air. Oil of turpentine, 
and eſſential oil of mint, abſorbed a very ſmall 


quantity 
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quantity of alkaline air, but were not ſenſibly 
changed by it. 


Ether, however, imbibed alkaline air pretty 
freely; but it was afterwards as inflammable as 
before, and the colour was not changed. It 
alſo evaporated as before, but I did not attend 
to this laſt circumſtance very accurately. 


Sulphur, nitre, common ſalt, and flints, were 
put to alkaline air without imbibing any part 
of it; but charcoal, ſpunge, bits of linen cloth, 
and other ſubſtances of that nature, ſeemed to 
condenſe this air upon their ſurfaces; for 
it began, to diminiſh immediately upon their 
being put to it; and when they were taken out 
the alkaline ſmell they had contracted was ſo 
pungent as to be almoſt intolerable, eſpe- 
cially that of the ſpunge. Perhaps it might 
be of uſe to recover perſons from ſwooning. 
A bit of ſpunge, about as big as a hazel nut, 
preſently imbibed an ounce meaſure of alka- 
hne air, | 


A lane of the inſpiſſated juice of turn/ole 
was made very dry and warm, and yet it im- 
bibed a great quantity of the air; by which 
it contracted a moſt pungent ſmell, but the 
colour of it was not changed, 


Alum 
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Alm undergoes a very remarkable change by 
the action of alkaline air. The outward ſhape 
and ſize remain the ſame, but the internal ſtruc- 
ture is quite changed, becoming opaque, beau- 
tifully white, and, to appearance, in all reſpects 
like alum which had been roaſted; and ſo as 
not to be at all affected by a degree of heat that 
would have reduced it to that ſtate by roaſting. 
This effect is produced ſlowly; and if a piece 
of alum be taken out of alkaline air before the 
operation is over, the inſide will be tranſparent, 
and the outſide, to an Wr Mekwen will be 
a * cruſt, | 


„ Imagine that ahe alkaline ap bur ſeizes 
upon the water that enters into the conſtitution 
of crude alum, and which would have been 
expelled by heat. Roaſted alum alſo imbibes 
alkaline air, and, like the raw alum that has 
been expoſed to it, acquires a taſte that i is Pes 
ue e e | 


Phoſpborns gave no light 3 in alkdline air, * 
made no laſting change in its dimenſions. It 
varied, indeed, a little, being ſometimes i in- 
creaſed and ſometimes diminiſhed, but after a 
day and a night, it was in the ſame ſtate as at 
the firſt. Water abſorbed this air Jr as it 
nothing — been put to it. 


Having 
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HFaving put ſome pirit of ſalt to alkaline air, 
the air was preſently abſorbed, and a little of 
the white ſalt abovementioned was formed. A 
little remained unabſorbed, and tranſparent, 
but upon the admiſſion of common air ta it, 
it Oy became white. 11 


0¹¹ af vitriol, alſo formed a white falt with 
alkaline air, and this did not riſe in white 
fumes. 


Acid ar as I have obſerved in my former 
papers, extinguiſhes a candle. Alkaline air, on 
the contrary, I was ſurprized to find, is ſlightly 
inflammable; which, however, ſeems to con- 
firm the opinion of chemiſts, that the volatile 
alkali contains n To, 


1 dinped a lighted candle nnn add 
cal veſſel, filled with alkaline air, when it went 
out three or four times ſucceſſively; but at each 
time the flame was conſiderably enlarged, by 
the addition of another flame, of a pale yellow 
colour; and at the laſt time this light flame 
deſcended from the top of the veſſel to the 
bottom. At another time, upon preſenting a 
lighted candle to the mouth of the ſame veſſel, 
filled with the ſame kind of air, the yellowiſh 
flame aſcended two inches higher than the flame 
of the candle. The electric ſpark taken in al- 

kaline 
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kaline air is red, as it is i in common inflamma- 
: ble air. | 1 


Though alkaline air be inflammable, it ap- 
peared, by the following experiment, to be 
heavier than the common inflammable air, as 
well as to contract no union with it. Into a 
veſſel containing a quantity of inflammable air, 
I put half as much alkaline air, and then about 
the ſame quantity of acid air. Theſe immedi- 
ately formed a white cloud, but it did not riſe 
within the ſpace that was occupied by the in- 
flammable air; ſo that this latter had kept its 
place above the er air, and * not * 

with it. g 


That alkaline air is lighter than acid air is 
evident from the appearances that attend the 
mixture, which are indeed very beautiful. When 
acid air is introduced into a veſſel containing 
alkaline air, the white cloud which they form 
appears at the bottom only, and aſcends gradu- 
ally. But when the alkaline air is put to the 
acid, the whole becomes immediately cloudy, 
quite to the top of the veſſel. 


In the laſt place, I mall obſerve that alkaline 
air, as well as acid, diſſolves ice as faſt as a hot 
fire can do it. This was tried when both the 
kinds of air, and every inſtrument made uſe of 

a in 
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in the experiment, had been expoſed to a pret- 
ty intenſe froſt ſeveral hours. In both caſes, 
alſo, the water into which the ice was melted 
diſſolved more ice, to a conſiderable quantity. 


-SECTION u. 


Of coumon AR diminiſhed and made noxious 
9 Various Rogen 


It will m. been obſerved that, in the firſt 
publication of my papers, I confined myſelf 
chiefly to the narration of the new fa#s which 
I had diſcovered, barely mentioning any hypo- 
theſes that occurred to me, and never ſeeming 
to lay much ſtreſs upon them. The reaſon 
why I was ſo much upon my guard in this re- 
ſpect was, leſt, in conſequence of attaching my- 
ſelf to any hypotheſis too ſoon, the ſucceſs of 
my future inquiries might be obſtructed. But 
ſubfequent experiments having thrown great 
light upon the preceding ones, and having 
confirmed the few conjectures I then advanced, 
I may now venture'to ſpeak of my hypotheſes 
with a little leſs diffidence. Still, however, I 
| ſhall be ready to relinquiſh any notions I mar 

now entertain, if new facts . n 
apperr not to favour them. 
N In 


\ 
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In a great variety of caſes IJ have obſerved 
that there is a remarkable diminution of com- 
mon, or reſpirable air, in proportion to which 
it is always rendered unfit for reſpiration, in- 
diſpoſed to efferveſce with nitrous air, and in- 
capable of farther diminution from any other 
cauſe. The circumſtances which produce this 
effect I had then obſerved to be the burning of 
candles, the reſpiration of animals, the putre- 
faction of vegetables or animal ſubſtances, 
the efferveſcence of iron filings and brimſtone, 
the calcination of metals, the fumes of char- 
coal, the effluvia of paint made of white- lead 


and oil, and a mixture of nitrous air. 


All theſe proceſſes, I obſerved, agree in this 
one circumſtance, and I believe in no other, 
that the principle which the chemiſts call phlo- 
giſton is ſet looſe; and therefore J concluded 
that the diminution of the air was, in ſome 
way or other, the conſequence of the air be- 
coming overcharged with phlogiſtonꝰ, and that 
water, ng} growing Vegrtalehs tend to reſtore 

this 


on this account, if it was thought convenient to in- 
troduce a new term (or rather make a new application of 
a term already i in uſe aniong chemiſts) it might not be a. 


miſs to call air that has been diminiſhed, and made noxious 
by any of the proceſſes above mentioned, or others fimilar 


to "I by the common e of | phlogifticated air ; 
r and, 
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this air to a ſtate fit for reſpiration, by im- 
bibing the ſuperfluous phlogiſton. Several ex- 
periments which I have ſince made tend to 
confirm this ſuppoſition, | 


Common air, I find, is diminiſhed, and ren- 
dered noxious, by liver of ſulphur, which the 
chemiſts fay exhales phlogiſton, and nothing 
elſe. The diminution in this "caſe was one 
fifth of the whole, and afterwards, as in other 
ſimilar caſes, it made no efferveſcence with 


nitrous air. 9 


I found alſo, aſter Dr. Hales;"that air is di- 
miniſhed by Homberg's pyrophorus. 


The ſame effe& is produced by firing gun- 
powder in air. This I tried by firing the gun- 
powder in a receiver half exhauſted, by which 
the air was rather more injured than it would 
have been by candles burning in it. 


Air is diminiſhed by a cement made with one 
half common coarſe turpentine, and half bees- 
wax. This was the reſult of a very caſual ob- 


and, if it was neceſſary, the particular proceſs by which it 

was phlogiſticated might be added ; as common air phlo- 

giſticated by charcoal, air phlogiſticated by the calcination 
of metals, nitrous air Pin with the'liver of ſul- 

phur, oi „ 

N 2 e 
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ſervation. Having, in an air-pump of Mr. 
Smeaton's conſtruction, cloſed that end of the 
ſyphon-gage, which is expoſed to the outward 
air, with this cement (which I knew would 
make it perfectly air-tight) inſtead of ſealing it 
hermetically; I obſerved that, in a courſe of 
time, the quickſilver in that leg kept conti- 
nually riſing, ſo that the meaſures I marked 
upon it were of no uſe to me; and when 1 
opened that end of the tube, and cloſed it 
again, the ſame conſequence always took place. 
At length, ſuſpecting that this effect muſt have 
ariſen from the bit of cement diminiſhing the air 
to which it was expaſed, I covered all the inſide 
of a glaſs tube with it, and one end of it be- 
ing quite cloſed with the cement, I ſet it per- 
pendicular, with its open end immerſed in a 
baſon of quickſilver; and was preſently ſatis- 
fied that my conjecture was well founded: for, 
in a few days, the quickfilver roſe ſo much 
within the tube, that the air in the inſide ap- 
peared to be diminiſhed about one Arth. 


To change this air 1 filted the tube with 
Kan and pouring it out again, I re- 
placed the tube in its former ſituation; when 
the air was diminiſhed again, but not ſo faſt as 
before. The ſame lining of cement diminiſh- | 
ed t the air a third time. Ho long it will re- 
tain this power I cannot tell, This cement had 
RODE S- FI been 
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been made ſeveral months before I made this 
experiment with it. I muſt obferve, however, 
that another quantity of this kind of cement, 
made with a finer and more liquid turpentine, 
had not the power of diminiſhing air, except 
in a very ſmall proportion. Alfa the common 
red cement has this property in the ſame ſmall 
degree. Common air, however, which had 
been confined in a glaſs veſſel lined with this 
cement about a month, was ſo far injured that 
a candle would not burn in it. In a longer 
time it would, I doubt not, have become 
thoroughly noxious, 


Iron that has been ſuffered to ruſt in nitrous 
air diminiſhes common air very faſt, as I ſhall 
have occaſion to mention when I give a conti- 
nuation of my experiments on nitrous air. 


Laſtly, the ſame effect, I find, is produced by 
the electric ſpark, though I had no expectation 
of this event when I made the experiment. 


This experiment, however, and thoſe which 
I have made in purſuance of it, has fully con- 
firmed another of my conjectures, which re- 
lates to the manner in which air is diminiſhed 
by being overcharged with phlogiſton, via. the 
 phlogiſton having a nearer affinity with ſome of 
the conſtituent parts of the air than the fixed 
bees N 3 air 
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air which enters into the compoſition of it, in 
conſequence of which the fixed air is precipi- 
tated. | 


This I firſt imagined from perceiving that 
lime-water became turbid by burning candles 
over it, p. 44. This was alſo the caſe with lime. 
water confined in air in which an animal ſub- 
ſtance was putrefying, or in which an animal 
died, p. 79. and that in which charcoal was 
burned, p. 81. But, in all theſe caſes, there 
was a poſſibility of the fixed air being dif- 
charged from the candle, the putrefying ſub- 
ſtance, the lungs of the animal, or the char- 
coal. That there is a precipitation of lime 
when nitrous air is. mixed with common air, I 
had not then obſerved, but I have ſince found 
it to be the caſe. 


That there was no precipitation of lime when 
brimſtone was burned, I obſerved, p. 45. 
might be owing to the fixed air and the lime 
uniting with the vitriolic acid, and making a 
falt, which was ſoluble in water; which ſalt 
I, indeed, diſcovered ay the evaporation of the 


Water. 


I 1 allo obſerved, p- 46, 105. that diminiſhed 
air being rather lighter than common air is a 
circumſtance 1 in favour of the fixed, or the 
| | heavier 
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heavier part of the common air, having been 
precipitated, | 


It was upon this idea, together with others 
ſimilar to it, that I took ſo much pains to mix 
fixed air with air diminiſhed by reſpiration or 
putrefaction, in order to make it fit for reſpira- 
tion again; and I thought that I had, in gene- 
ral, ſucceeded to a conliderable degree, p. 99, 
c. I will add, alfo, what I did not mention 
before, that I once endeavoured, but without 
effect, to preſerve mice alive in the ſame un- 
changed air, by ſupplying them with fixed air, 
when the air in which they were confined be- 
gan to be injured by their reſpiration. With- 
out effect, alto, I confined for ſome months, a 
quantity of quick lime in a given quantity of 
common air, thinking it might extract the 
fixed air from it. 


The experiments which I made with elec- 
tricity were ſolely intended to aſcertain. what 
has often been attempted, but, as far as I 
know, had never been fully accompliſhed, viz. 
to change the blue colour of liquors, tinged 
with vegetable juices, red. 


For this purpoſe I made uſe of a glaſs tube, 
about one tenth of an inch diameter inthe inſide, 
as in fig. 16. In one end of this I cemented 

N 4 a Plece 
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& piece of wire &, on which I put a braſs ball. 
The lower part from @ was filled with water 
tinged blue, or rather purple, with the juice of 
turnſole, or archil. This is ealily done by an 
air- pump, the tube being ſet in a veſſel of the 
tinged water. | 


Things being thus prepared, I perceived that, 
after I had taken the electric ſpark, between 
the wire , and the liquor at a, about a minute, 
the upper part of it began to look red, and in 
about two minutes it was very manifeſtly ſo; 
and the red part, which was about a quarter of 
an inch in length, did not readily mix with the 
reſt of the liquor. I obſerved alſo, that if 
the tube lay, inclined while I took the ſparks, 
the redneſs extended twice as far on the lower 

ſide as on the upper. 


The moſt important, though the leaſt * 
ed obſervation, however, was that, in proportion 
as the liquor became red, it advanced nearer to 
the wire, ſo that the ſpace of air in which the 
ſparks were taken was diminiſned; and at length 
found that the diminution was about one fifth 
of the whole ſpace; after which more electrify- 
ing * no ſenſible effect. 


To determine hs the cauſe of the change 
of colour was in the air, or in the electric 


matter, 
> 
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matter, J expanded the air which had been di- 
miniſhed in the tube by means of an air- pump, 
till it expelled all the liquor, and admitted freſh 
blue liquor into its place; but after that, electri- 
city produced no ſenſible effect, either on the 
air, or on the liquor; ſo that it was evident 
that the electric matter had decompoſed the air, 
and had made it depoſite ſomething that was of 
an acid nature. 


In order to determine whether the wire had 
contributed any thing to this effect, I uſed wires 
of different metals, iron, copper, braſs, and 
ſilver; but the reſult was the very ſame with 
them all. 


It was alſo the ſame when, by means of a 
bent glaſs tube, I made the electric ſpark with- 

out any wire at all, in the following manner. 
Each leg of the tube, fig. 19. ſtood in a baſon 
of quickſilver ; which, by means of an air- 
pump, was made to aſcend as high as a, a, in 
each leg, while the ſpace between à and 4 in 
each contained the blue liquor, and the ſpace 
between 4 and þ contained common air. Things 
being thus diſpoſed, I made the electric ſpark 
perform the circuit from one leg to the other, 
paſſing from the liquor in one leg of the tubs 
to the liquor in the other leg, through the ſpace 
of air. The effect was, that the liquor, in 
both 
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both the legs, became red, and the ſpace of air 
between them was contracted, as before. 


Air thus diminiſhed by electricity makes no 
efferveſcence with, and is no farther diminiſhed 
by a mixture of nitrous air; ſo that it muſt 
have been in the higheſt degree noxious, exactly 
like air-diminiſhed by any ather proceſs, 


In order to determine what the acid was, 
which was depoſited by the air, and which 
changed the colour of the blue liquor, I expoſed 
a ſmall quantity of the liquor ſo changed to 
the common air, and found that it recovered 
its blue colour, exactly as water, tinged with 
the ſame blue, and impregnated with fixed air, 
will do. But the following experiment was ſtill 
more deciſive to this purpoſe. Taking the 
electric ſpark upon lime-water, inſtead of the 
blue liquor, the lime was precipitated as the air 
diminiſhed. 


From theſe experiments it pretty clearly 
follows, that the electric matter either is, or 
contains phlogiſton ; ſince it does the very ſame 
thing that phlogiſton does. It is alſo probable, 
from theſe experiments, that the ſulphureous 
ſmell, which is occaſioned by electricity, being 
very different from that of fixed air, the phlo- 

giſton 
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giſton in the electrie matter itſelf may contri- 
bute to it. | | | 


It was now evident that eommon air dimi- 
niſhed by any one of the proceſſes abovemen- 
tioned being the fame thing, as I have obſerved, 
with air diminiſhed by any other of them (ſince 
it is not liable to be farther diminiſhed by any 
other) the loſs which it ſuſtains, in all the caſes, 
is, in part, that of the fixed air which entered 
into its conſtitution. The fixed air thus pre- 
cipitated from common air by means of phlo- 
giſton unites with lime, if any lime water be 
ready to receive it, unleſs there be ſome other 
ſubſtance at hand, with which it has a greater 
affinity, as the calces of metals, 


If the whole of the diminution of common 
air was produced by the depoſition of fixed air, 
it would be eaſy to aſcertain the quantity of 
fixed air that is contained in any given quantity 
of common air. But it 1s evident that the 
whole of the diminution of common air by 
phlogiſton is not owing to the precipitation of 
fixed air, becauſe a mixture of nitrous air will 
make a great diminution in all kinds of air 
that are fit for reſpiration, even though they 


never were common air, and though nothing 


was uſed in the proceſs for generating them 
that can be ſuppoſed to yield fixed air. 
ä | Indeed, 
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- Indeed, it appears, from ſome of the experi- 
ments, that the diminution of ſome of theſe 
kinds of air by nitrous air is ſo great, and ap- 
proaches ſo nearly to the quantity of the dimi- 
nution of common air by the ſame proceſs, as 
to ſhew that, unleſs they be very differently 
affected by phlogiſton, very little is to be al- 
lowed to the loſs of fixed air in the diminution 
of common air by nitrous air. 

The kinds of air on which this experiment 
was made were inflammable air, nitrous air 
diminiſhed by iron filings and brimſtone, and 
nitrous air itſelf ; all of which are produced by 
the ſolution of metals in acids; and alſo on 
common air diminiſhed and made noxious, and 
therefore deprived of its fixed air by phlogiſtic 
proceſſes; and they were reſtored to a great 
degree of purity by agitation in water, out of 
which its own air had been carefully boiled. 


To five parts of inflammable air, which had 
been agnated in water till it was diminiſhed 
about one half (at which time part of it fired 
with a weak exploſion) I put one part of nitrous 
air, whichdiminiſhed it one eighth of the whole. 
This was done in lime-water, without any pre- 

<cipitation of lime. To compare this with com- 
mon air, I mixed the ſame quantity, via. five 

parts of this, and one part of nitrous air: when 
ebssbul | a con- 


1 
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a conſiderable cruſt of lime was formed upon 
the ſurface of the lime water, though the dimi- 
nution was very little more than in the former 
proceſs. It is poſſible, however, that the com- 
mon air might have taken more nitrous air 
before it was fully ſaturated, fo as to begin to 
receive an addition to its bulk, 


I agitated in water a quantity of nitrous air | 


phlogiſticated with iron filings and brimſtone, 
and found it to be ſo far reſtored, that three 
fourths of an ounce meaſure of nitrous air being 
put to two ounce meaſures of it, made no ad- 
dition to it. 


But the moſt remarkable of theſe experiments 
is that which I made with nitrous air itſelf, which 
I had no idea of the poſſibility of reducing to 
a ſtate fit for reſpiration by any proceſs what- 
ever, at the time of my former publication on 
this ſubject. This air, however, itſelf, without 
any previous Phlogiſtication, 1 is purified by agi- 
tation in water till it is diminiſhed by freſh 
nitrous ** 1 to a _ conſiderable degree. 


011 


12 a pretty „ time J agitated nitrous air 
in water, ſupplyipg it from time to time with 
more, as the forther quantity diminiſhed, mult” 
only one eighteenth of the whole quantity 

remained; in which ſtate it was ſo wholeſome, 
OW”. 2 that 


n 
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that a mouſe lived in two ounce meaſures of it 
more than ten minutes, without ſhewing any 
ſign of uneaſineſs; ſo that I concluded it muſt 
have been about as good as air» in which 
candles had burned out. After agitating it 
again in water, I put one part of freſh nitrous 
air to five parts . of this air, and it was dimi- 
niſhed one ninth part. I then agitated it a third 
time, and putting more nitrous air to it, it was 
diminiſhed again in the ſame proportion, and ſo 
a fourth time; ſo that, by continually repeating 
the proceſs, it would, i doubt not, have been 
all abſorbed. Theſe proceſſes were made in 
lime-water, without forming any incruſtation 
on the ſurface of it. 


Laſtly, 1 took 2 quantity of common air, 
which had been diminiſhed and made noxious 
by phlogiſtic proceſſes ; and when it had been 
agitated in water, I found that it was dimi- 
niſhed by nitrous air, though not ſo much as it 
would have been at the firſt. After cleanſing 
it a ſecond time, it was diminiſhed again by the 
| ſame means; and; after that, a third time; and 
thus there can be no doubt but that, in time, 
the whole quantity would have diſappeared. 
For I have never found that agitation in water, 
deprived of its own air, made any addition to. 
a quantity of noxious air; though, à priori, it 
might have been imagined chat, as a ſaturation 

with 
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with phlogiſton diminiſhes air, the extraction of 
phlogiſton would increaſe the bulk of it. On 
the contrary, agitation in water always dimi- 
niſhed noxious air a little; indeed, if water be 
deprived of all its own air, it is impoſſible to 
agitate any kind of air in it without ſome loſs, 
Alſo, when noxious air has been reſtored by 
plants, I never perceived that it gained any 
addition to its bulk by that means. There was 
no incruſtation of the lime-water in the above- 
mentioned experiment. 


It is not a little remarkable, that thoſe kinds 
of air which never had been common air, as 
inflammable air, phlogiſticated nitrous air, and 
nitrous air itſelf, when rendered wholeſome by 
agitation in water, ſhould be more diminiſhed 
by freſh nitrous air, than common air which 
had been made noxious, and reſtored by the 
ſame proceſs; and yet, from the few trials that 
I have made, I could not help concluding that 
this is the caſe. 


In this courſe of experiments I was very near 
deceiving myſelf, in conſequence of transferring 
the nitrous air which I made uſe of in a blad- 
der, in the manner deſcribed, p. 15. fig. 9. ſo 


as to conclude that there was a precipitation of 


lime in all the above-mentioned caſes, and that 
even nitrous air itſelf produced that effect. But 
after 
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after repeated trials, I found that there was no 
precipitation of lime, except in the firſt dimi- 
nution of common air, when the nitrous air 
was transferred in a gu veſſel. 


That the _ of metals contain air, of ſome 
kind or other, and that this air contributes to 
the additional weight of the calces, above that 
of the metals from'which they are made, had 
been obſerved by Dr. Hales; and Mr. Hartley 
had informed me, that when red-lead is boiled 
in linſeed oil, there is a prodigious diſcharge 
of air before they incorporate. I had-likewiſe 
found, that no weight is either gained or loſt 
by the calcination of tin in a cloſe glaſs veſſel; 
but I purpoſely deferred making any more 
experiments on the ſubject, till we ſhould have 
ſome weather in which I could make uſe of a 
large burning lens, which I had provided for 
that and other purpoſes; but, in the mean 
time, I was led to the diſcovery in a different 
manner, 


Having, by the laſt-recited experiments, been 
led to conſider the electric matter as phlogiſton, 
- or ſomething containing phlogiſton, I was en- 
deavouring to revivify the calx of lead with ir; 
when I was ſurprized to perceive a conſiderable 
generation of air. It occurred to me, that poſ- 

Wt this effect might ariſe from the heat com- 
: municated 
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municatedto the red lead by the electric ſparks, 
and therefore T immediately filled a ſmall phial 
with the red lead, and heating it with a candle, 
I preſently expelled from it à quantity of air 
about four or five times the bulk of che lead, 
the air being received in a veſſel of quickſilver. 
How much more air it would have en I 


did not try. | aun 


nt Poing f[5:- 


- Along with theair, a a ſmall quantity of water 
was likewiſe thrown out; and it immediately 
occurred to me, that this water and air together 
muſt certainly be the cauſe of the addition of 
weight in the calx. It ftill remained to exa- 
mine what kind of air this was; but admitting 
water to it, I found that it was imbibed by it, 
exactly like fixed air, which I therefore imme- 
3 concluded it muſt be“ 9. 7 101 


Aſter this, I found that Mr. Lavoiſier had 
completely diſcovered the ſame thing, though 
is rer being more complex, and leſs 


1. Ire! it Mee me to aſk pardon of that excellent 

hiloſopher Father Beccaria of Turin, for conjecturing 
that the phlogiſton, with which he revivified metals, did 
not come from the electric matter itſelf, but from what was 
diſcharged from other pieces of metal with which he made 
the experiment. See Hiſtory of Electricity, p. 277, Se. 
This revivification of metals. by electricity completes the 
* * his cleric matter being, or containing phlogiſton, 


O accurate 
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accurate than mine, he concluded that more f 
the air diſcharged from the calces of metals 

was immiſcible with water than I found it to 
be. It appeared to me that 1 eee 
. re e anode 


It being fiow pretty clearly 8 char 
common air is made to depoſit the fixed air 
which entered into the conſtitution of it, by 
means of.-phlogiſton, in all the, cafes of dimi- 
niſhed air, it will follow, that in the precipi- 
tation of; lime, by breathing into lime- water 
the fixed air, which incorporates with lime, 
comes not from the lungs, buy from the am. 
haled from them, and than; 3 
been taken in with the aliment, and having 
performed its function in the animal ſyſtem. 


Thus my conjecture is more confirmed, that 
the cauſe of the death of animals i in confined 
air is, not owing to the want of any pabulun 
vite, which the air had been ſuppoſed t to con- 
tain, but to the want of à diſcharge of the 

hlogiſtic matter, with which the ſyſtem was 
oaded ;_the ait, when once ſaturated with it, 
being no ſufficient megfroms to e! it UP» 


- The inſtantaneous death of n put into 
air i a I ſtill think is "owing to ſome 
22 8. — | ſtimulus, 
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Aimulus, which, by cauſing immediate, univer- 

ſal and violent convulſions, exhauſts the whole 
of the vis vitæ at once; becauſe, as I have ob- 
ſerved, the manner of their death-is the very 
ſame in all the different kinds of noxious air, 


To this ſection on the fubje& of Sie 
= Noxious air, or as it might have been 
called phlogi jcated air, I ſhall ſubjoin a letter 
which I addreſſed to Sir John Pringle, on the 
noxious quality of theeffluviaof putrid marſhes, 
and which was read at a meeting of the Royal 


Society, December 16, 177 3. 


This letter, which is printed in the Philoſo- 
phical T ranſactions, Vol. 74, p. 90. is imme- 
diately followed by another Paper, to which I 
would refer my reader. It was written by Dr. 
Price, who has ſo greatly diſtinguiſhed himſelf, 
and done ſuch eminent. ſervice to his country, 
and to mankind, by his calculations relating to 
the probabilities of human life, and was ſuggeſt- 
ed: by his hearing this letter read at the Royal 
Society. It contains a confirmation of my ob- 
ſervations on the noxious effects of ſtagnant wa- 
ters, by deductions from Mr. Muret's account 
of the Bills of Mortality for a pariſh ſituated 


among marſhes, in the diſtrict of Vaud, belong · 


0 to Abe Canton of Bern in Switzerland. 
O 2 To 


J 
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IVY riernete et 


"By 


* * 0 ” ».4 _— 
" i F * 
. 


Tuo Sir JOHN PRINGLE, Baronet. 


' 
= 


DEAR SIR, 


Having purſued my experiinents on different 
kinds of air conſiderably farther, in ſeveral} te- 
ſpects, than I had done, when I preſented the 
laſt account of them to the Royal Society; ; 
and being encouraged by the favourable notice 
| which the Society has been pleaſed to take of 
them, I ſhall continue my communications on 
this ſubject ; but, without waiting for the re- 
ſult of a variety of proceſſes, which I have now 
going on, or of other experiments, which I 
_ propoſe to make, I ſhall, from time to time, 
communicate ſuch detached articles, as I ſhall 
have given the moſt attention to, and with 
reſpect to which, I ſhall have been the moſt 


' ſucceſsful in my inquiries. | 


Since the publication of my papers, I have 
read two treatiſes, written by Dr. Alexander, 
of Edinburgh, and am exceedingly pleaſed 
with the ſpirit of philoſophical inquiry which 
they diſcover. They appear to me to contain 
many new, curious, and valuable obſervations ; 
but one of the concluſions, which he draws 


fFom his experiments, I am ſatisfied, from my 
| own 


— 
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own obſervations, 1 is ill founded, and from the 
nature of it, mult be dangerous. I mean his 
maintaining,,. that there is nothing to be ap- 
— coſl from the 6 neighbourhood, of Pore 


Ws was particularly ſurpriſed, to meet with 
| fuch an opinion as. this, in a book inſcribed to. 
yourſelf, who have ſo clearly. explained the 
great miſchief of fuch a ſituation, in your ex- 
cellent treatiſe an the diſeaſes of the army. On 
this account, I haye thought it not improper 
to addreſs to you the following obſervations 
and experiments, which I think clearly demon- 
ſtrate the fallacy of Dr. Alexander's reaſoning, 
indiſputably eſtabliſh. your doctrine, and in- 
deed juſtify the ene of all mankind 
in this caſe, 


* think it 2 enough” chat Pari 
matter, as Dr. Alexander has endeavoured to 
prove, will preſerve other ſubſtances from pu- 
trefaction; becauſe, being already ſaturated 
with the putrid effluvium, it cannot readily 
take any more; but Dr. Alexander was not 
aware, that air thus loaded with putrid efflu- 
vium is exceedingly noxious when taken into 
the lungs, I have lately, however, had an o- 
portunity of fully aſcertaining how very noxi- 
ous ſuch air is. 

O 3 Hap- 


— 
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Happening to uſe at Calne, # much larger 
rough of water, for the purpoſe of ny cpe- 
riments, than I had done at Leeds, and not 
Having freſh water ſo near at Hand as T had 
there, I neglected to change it, till it turned 
black, and became offenſive, but by no means 
to ſuch a degree; as to deter me from makin 
uſe of it. In- this ſtate of the water, I obſer: 
bubbles of air to riſe from it, and eſpecially in 
one place, to which ſome ſhelves, that J had in 
it, directed them ; and having ſet an inverted 
glaſs veſſel to catch them; in a few days I col- 
lected a confiderable quantity of this air, 
which iſſued ſpontaneouſly” from the putrid 
water; and putting nittous air to it, T found 
that no change of colour or diminution e en- 
foet! ſo thar it muſt have been, in the higheſt 
degree, noxious. I repeated the ſame experi- 
ment ſeveral times afterwards, and always with 
tlie ſame reſult. 


After this; 1 had the ets to try 10 
wholeſine air would be affected by this water; N 
when, to my real ſurpriſe, I found, that after 
only one minute's agitation in it, a candle 
would not burn ir it; and, after three or four 
minutes, it was in the ſame ſtate with the air; 
which had iſſued ſpontaneouſly from the ſame . 


I alſo 


* 
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I Talfo found, chat common air, confined in 
a glaſs veſſel, in contact only with: this water, 
nd without any agitation, would not admit 4 
candle e burn in it after two days... | 
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Theſe facts r amnion. 6 air 
which either ariſes from ſtagnant and putrid 
water, or whieh has been for ſome time in con- 
rac with it, miſt be very unfit for reſpiration; 
and yet Dr. Alexander's opinion is rendered ſo 
plauſible by his experiments, that it is very | 
poſſible that many perſons may be rendered 
ſecure, and thoughtleſs of danger, in a ſitua- 
tion in which they muſt neceſſarily breathe it. 
On this aecount, I have thought. it right to 
make this communication as early as I conve- 
niently could; and as Dr. Alexander appears 
to be an ingenuous and beneyolent man, I 
doubt not but he will thank me for it. 


That air iſſuing from water, or rather from 
the ſoft earth, or mud, at the bottom of pits 
containing water, is not always unwholeſome, 
I have alſo had an opportunity of aſcertaining. 
Taking a walk, about two years ago, in the 
neighbourhood of Wakefield, in Yorkſhire, 1 
obſerved bubbles of air to ariſe, in remarkably 
great plenty, from a ſmall pool of water, which, 
upon inquiry, I was informed had been the 8 


© + % ST 


O 4 ground, 


s 


ground, in order to find coal. [Theſe bubbles 
of air having excited my curioſity, I preſently 
returned, with a baſon, and other veſſels proper 
for my purpoſe, and having ſtirred the mud 
with a long ſtick, I ſoon got about a pint of 
this air; and; examining it, found it to be good 
common air; at leaſt a candle burned in it 
very well. J had not then diſcovered the me- 
thod of aſcertaining the goodneſs of common 
air, by a mixture of nitrous air. Previous to 
the trial, T had ſuſpected that this air would 
bave Wen drr to de mme, [209 


1 dal dcs this Ker with obſerving, 
that I have found a remarkable difference in 
different kinds of water, with reſpect to their 
effect on common air agitated in them, and 
which I am not yet able to account for. If I 
agitate common air in the water of a deep well, 
near my houſe in Calne, which is hard, but 
clear and ſweet, a candle will not burn in it 
after three minutes. The ſame is the caſe with 
the rain-water, which J get from the roof of 
my houſe. But in diſtilled water, or the water 
of a ſpring- well near the houſe, I muſt agitate 
the air about twenty minutes, before 1t will be 
ſo much injured. It may be worth while to 
make farther experiments with reſpect to this 
property ef water. | 


In 
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In conſequence of uſing the rain- water, and 


the e 1: ; above-mentiontd, I was very 
near concluding, contrary to what I have aſ- 


ſerted. in this treatiſe, that t common air ſuffers 


a fefompobrion by. great. rarefa&on, . For 
HE x had ure a conſiderable quantity 


reg, times, by an excellent f pump made 
for me hy Mr. Smeaton, 1 always found, that 
if I filled my receiyers. with the water aboye 
mentioned, 3 7875 1 dig Ib. fo grodvally 3 05 
occaſign as litt! e agitation ro poſſi ble, a can 

would not burn in che air that remained i in 
them. But when I ofed diſtilled water, or freſh 
ſpring-water, 1 undeceiyed myſelf, , 


a 219093 8 


1 click myſelf honoured. — ibe + attention, 
which, from the firſt, you have given to my 
experiments, and "0; with the greateſt 1 


Dear Sir, | | 22101 * a L 445 

; DOWN moſt obliged been Amun 

Ws Humble Servant, — 75 

London, 7 Dec. 1773 | | 2 2168 
J. PRIES T LEY. 
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1 kannot help einst my furprize, that 
10 clear and miele an accent of Mt. 
St KTox's ajr-pump, mould have been before 
the public To long, as ever ſince the publication 
of the forty-ſeyenth'volume of rhe Phiſofophi- 
cal Tranſa&tions, primed in 10 52, anff yet that 
none of our philofophical inftryment-makets 
Would üſe the contttuktiofl. Tde ſuperiority 
of this 1 1409755 1 oo are made ee che 
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whereas this 1 muſt * in a poor — 
indeed, if jt does not rarefy 200 or 300 times; 3 
and \ When it is in! od order, il it Will 80 as far as 
10 times, and ſömetinies even much farther 
than that; beſides, this inſtrument is worked 
with much more eaſe than a common air- 
pump, and either exhauſts or condenſes at plea- 
ſure. In ſhort, to a perſon engaged ! in philo- 


| ſophical purfuits, this inſtrument is an invalu- 


able acquiſition. I ſhall have occaſion to recite 
ſome experiments,which I could not have made, 
and which, indeed, I ſhould hardly have dared 
to attempt, if I had not been poſſeſſed of ſuch 
an air-pump as this. It is much to be wiſhed, 
that ſome perſon of ſpirit in the trade would at- 

* tempt 
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a 
tecpe che conſtructiom of an inſtrument; whichs 
vod do great credit to himſelf, as well as be 
of eminent ſervice to Labs. N 
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S STIR n e % F649! & d lo not 
Sine the publication of my e Papers, 
I haye given more attention to the ſubject of 
nitrous ait than to any other ſpecies of air; 
andi huying been pretty fortunate in in / inqui 
ries; I ſhall be able to lay Before: my readet a 
more ſarjsfattory account of the curious phe 
nomena occaſioned — it, andi alſo of its. nature 
and cgonſtitution, than I could do before, 
though much ſtill remains to be inveſtigated 
concerning it, and Aba dem e e 9P4 in- 
Nee 1 o 5 . f 
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F With a view to: ie * * power of 
nitrous air to diminiſh common air lay, 1 evas: 
porated to dryneſs a quantity of the ſolution of 
copper in diluted ſpirit of nitre ; and having 
procured from it a quantity of a green pneti- 
pitate, I threw the focus of a burning-glaſs. 
upon it, when-it was put into a veſſel of quick: 
filver, ſtanding inverted in à baſon of quick- 


ſilver. In this manner 1 procured · air from it, 
which 
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vhich appeared to be, in all reſpects, nitrous 
air; ſo that part of the fame principle, which | 
had eſcaped during the ſolution; in the form of 
air, had likewiſe been retained in it, and had 


not left it in the exaporation of the x water, 


With great difficulty I alſo procured a ſmall 
quantity of the Tame kind of air from a ſolu- 
tion of iron in pure. * nitre, by the ſame 19 
caged 1310: vir 1G noun ting 343 95 
20 Had D 0 190/23 210. 81 A 2 p 

: Having, for a nn - fired ſome. 
paper, which had been dipped in a ſolution of 
copper in diluted ſpirit of nitte, in flitrous air, 
I-found there was a conſiderable addition to the 
quantity of it; upon which I fired ſome of the 
ſame kind of paper in{quickſilyer; and preſently 
obſerved that air was produced from it in great 
plenty. This air, at the firſt, ſeemed to have 
ſome ſingular properties, but afterwards I found 
that it was nothing more than a mixture of ni- 
trous air, from the precipitate of the ſolution, 
and of inflammable air, from the paper 1980 
chat ebe former was 1 > £9 b9t64 

: ah wet mixture of this kind of air * eom- 
mon air, in a trough of water which had been 
trid, but which at that time ſeemed to have 
recovered its former ſweetneſs (for it was not in 


the leaſt 2 offenſive to the ſmell) a pheno- 
menon 


5 Mis f 
" Nitrous Air. ag 


menon ſometimes occurred, which for a dong 
time exceedingly delighted andi puzzled ine: 

but which was afterwards the means of letting 
me ſee much farther into the conſtitution li. 

| krous? air r 1 had been able roſes deſors. 

e Ard 1478 „er 2EW 1 vi Haine 
When: the Jie of the air was nearly 
completed, the veſſel in which the mixture was 
made began to be filled with the moſt beautiful 
 wobite fumes, exactly reſembling the'precipita- 
tion of ſome white ſubſtance in a tranſparent 
menſtruum, or the falling of very fine ſhow ; 
except that it was much thicker below than 
above, as indeed is the caſe in all chemical pre- 
cipitations. This appearance e * 
or three minutes. * ; 
At other times I went over the ſame proceſs, 
as nearly as poſſible in the ſame manner, but 
without getting this remarkable appearance, 
and was ſeveral times greatly diſappointed and 
chagrined, when I baulked the expectations of 
my friends, towhom I had deſcribed, and meant 
to have ſhewn it, This made me give all the 
attention I poſſibly could to this experiment, 
endeavouring to recolle& every circumſtance, 
which, though unſuſpected at the time, might 
have contributed to produce this new/appear- 
ance; and I took a great deal of pains to pro- 


cure a Cy” of this air from the 'paper 
above 
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zabove: mentioned for che ꝓurpaſe, high, wick 
aiſmalb burning lens, and an uncertain ſun, is 
38014 little troubleſome. But all that I ohſeryed 
ore ſame: time was, chat I ſtoad the beſt chance 
of ſucceeding, when 1 warme the veſſel in 
which the mixture was made, and e the 


air during the efferveſcence. 


Fiading, at length, that, 7 hs e 
Preparation and attentions, 1 got the ſame ap- 
pearance from a, mixture of nitrous and cont- 
mon air in the ſame nh of water, 1 con- 
eluded that it could. not depend upon any 
»thing peculiar to the precipitate, of, the copper 
contained in the paper from which the air Was 

procured, as I had at firſt imagined, but upon 
what was common to it, and pure nitrous 


1 
, . 
- 9 


nn ving, (with a view Fro abferve 
| - — any cry als would be formed, by the 
union of volatile Alkali, and nitrous air, fimilar 
to thoſe ſormed by ĩt and fixed air, as defcrihed 

by Mr. Smeth in his D:/ertation, on fixed Air? 
opened the mouth of a phial which; was half 
filled with a volatile alkaline liquor, in a jar of 
nitrous air (in the manner deſcribed. p. 11. 
nig. 4.) I had an appearance which perfectly 

- Explained the preceding. All that part of the 
„ which was above che liquor, and which 
contained 


contained common air, was filled: with beautiei 
ful white clouds, as if ſome fine white poydet had: 
been inſtantly thrown into it, and ſome of theſe; 
clouds roſe within the jar of nitrous air. This 
appearante;continued.ahout;a minute, and gen 
intirely diſappeared, EY tranſpa- 
rent. g 20 nim ST WK 2230 18208 
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| Wirhdrawing the hid, * 2 is to, 
ths pes air, it there alſo became a on 
and ſoon after the tranſparency returned. 
troducing it again into the nitrous air, ys 
clouds appeared as before. In this manner, the 
white fumes, and tranſparency ſucceeded each | 
other alternately, as often as I choſe to repeat 
the experiment, and would no doubt have con- 
tinued till the air in the jar had been thoroughly 
diluted with common air. Theſe appearances 
were the ſame with any ſubſtance that contains 
* volatile alkali, fluid or ſolid. 

| When, inſtead of the ſmall phial, I uſed a 
large and tall glaſs jar, this appearance was 
truly fine and ſtriking, eſpecially when the was 
ter in the trough was very tranſparent. For 1 
had only to. put the ſmalleſt drop of a volatile. 
alkaline liquor, or the ſmalleſt bit of the ſolid 
ſalt, into the jar, and the moment that he 
mouth of it was opened in a jar of nitrous 
air, the white clouds above mentioned began to 

. be 
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be formed at the mouth, and preſently” de- 
ſcended to the bottom, To as to fill Ane 
were it ever ſo large, i ond > with fine ſnowW. 0 
1 donn wo dw 9107 abbol: 
fi 15 confiduting this: Expetimein Tfoon'per- 
ceiyed thatithis curious appearance muſt have 
been occaſioned by the mixture of the nitrous 
and common air, and therefore that the white 
clouds muſt be nitrous ammoni gc, ſormẽd by the 
acid of the nitrous air, ſet looſe in the decom- 
poſition of it by common air, while the phlo- 
giſton, which muſt be another conſtituent part 
of nitrous air, entering the common air, is the 
cauſe of the diminution it ſuffers in this proceſs ; 
as it is the cauſe of a ſimilar diminution, 1 in 42 


Ne of uae? 1 Afar 


"7 would obſerve, that it is not ;peculiarto ni- 
trous air to be a teſt of the fitneſs of air for 
reſpiration. Any other proceſs by which air is 
diminiſhed and made nox1ous anſwers the ſame 

e. Liver of ſulphur for inſtance, the 
calcination of metals, or a mixture of iron 
filings and brimſtone will do juſt the ſame 
ching; but the application of them is not ſo 
eaſy, or elegant, and the effect is not fo ſoon 
perceived. In fact, it is phlogifon that is the 
teſt. If the air be ſo loaded with this principle 
that it can take no more, which is ſeen by its 


not being — in any of the proceſſes 
* above 
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above mentioned, it is noxious ; and it is 
holeſome in proportion to the quantity of 
Phlogiſton that it is able to take. 


This, 1 have no doubt, is the true theory of 
the diminution of common air by nitrous air, 
the redneſs of the appearance being nothing 
more than the uſual colour gf the fumes of 
ſpirit of nitre, which is now diſengaged from 
the ſupetabundant Phlogiſton with which it 
was combined in the nitrous air, and ready to 
form another union with any thing that-is at 
hand, and capable of i it. 


With the volatile alkali it. forms nitrous am- 
moniac, water imbibes it like any other acid, 
even quickſilver is corroded by it; but this 
action being ſlow, the redneſs in this mixture of 
nitrous and common air continues much longer 
when the proceſs is made in quickſilver, than 
when, it is made in water, and the diminution, as . 
1 have alſo obſerved, js by he . 


1 was confirmed in this opinion, when I ut 
a bit of volatile alkaline ſalt into the jar of 
quickſilver ; in which I made the mixture of 
nitrous and common air. In theſe: circum- 
ſtances, the veſſel being previouſly filled with 
| the alkaline fumes, the acid immediately joined 
| them, formed the. white clouds above men- 
. P * dioned, 
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tioned, and the diminution proceeded almoſt 4 ag 
far as when the proceſs was made in water. 
That it did not proceed quite ſo far, I attribute 
chiefly to the ſmall quantity of calx formed by 
the ſlight ſolution of mercury with the acid 


fumes not being able to abſorb all the fixed 


air that is precipitated from the common air 
by the Phlogiſton. 


In part, alſo, it may be owing to the ſmall 
' - quantity of ſurface in the quickſilver in the 

veſſels that I made uſe of; in conſequence of 
which the acid fumes could act upon it only 
in a ſlow ſucceſſion, ſo that part of them, as 
well as of the fixed air, had an opportunity 


of fotming another union with the e 
. Air, 


This, 31 have obſerved before, was fo 
much the caſe when the proceſs was made in 
5 quickſilver, without any volatile alkali, that 
when water was admitted to it, after ſome 
time, it was not capable of diſſolving that 
- union, tho' it would not have taken place if 
| the proceſs” had been in water from the firſt. 


In diverſifying cls experiment, I found Far 74 
la appeared to very great advantage when I 

? ſuſpended a piece of volatile ſalt in the com- 
a mon air, previous to the admiſſion of 'nitrous 


air 
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air to it, incloſing it in a bit of gauze, muſlin; 
or a ſmall net of wire. For, preſently after the 
redneſs of the mixture begins to go off, the 
white cloud, like ſnow, begins to deſcend from 
the ſalt, as if a white powder was ſhaken out 
of the bag that contains it. This white cloud 
preſently fills the whole veſſel, and the ap- 
N will __ about five minutes, 


If the alt be not put to the mixture of theſe 
two kinds of air till it has perfectly recovered 
its tranſparency, the efferveſcence being com- 
pletely over, no white cloud will be formed; 
and, what is rather more remarkable, there is 
nothing of this appearance hen the ſalt is put 
into the nitrous air itſelf. The reaſon of this 
muſt be, that the acid of the nitrous air has a 
nearer affinity with its phlogiſton than with the 
volatile alkali ; though, the phlogiſton having 
a nearer affinity with ſomething in the common 
air, the acid being thereby ſet looſe, will unite 
with the alkaline. vapour, if it be at hand to 
unite with it, 

There is alſo! very little if any white cloud 
formed upon holding a piece of the volatile 
ſalt within the mouth of a phial containing 

ſmoking fpirit of nitre. Alſo when I threw”. 
the focus of 2 burning mirror upon ſome ſal 


ammoniac in nitrous air, and filled the whole 
= I veſſel 
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veſſel with white fumes which aroſe from it, 
they were ſoon diſperſed, and the air was nei- 
ther diminiſhed nor altered. 


I was now fully convinced, that the white 
cloud which I caſually obſerved, in the firſt - 
of theſe experiments, was occaſioned by the 
volatile alkali emitted from the water, which 
was in a ſlight degree putrid ; and that the 
warming, and agitation of the veſſels, had pro- 
moted the emiſſion of the wht or alkaline 
effluvium. 


7 could not perceive Pu the diminution of 
common air by the mixture of nitrous air was 
ſenſibly increaſed by the preſence of the volatile 
alkali. It is poſſible, however, that, by aſſiſt- 
ing the water to take up the acid, ſomething leſs 
of it may be incorporated with the remaining 
diminiſhed air than would otherwiſe have been; 
but I did not give much attention to this cir- 
cumſtance. | 


When the phial in which I put the alkaline 
ſalts contained any kind of noxious air, the 
opening of it in nitrous air was not followed by 
any thing of the appearance above mentioned. 
This was the caſe with inflammable air. Bur 
when, after agitating the inflammable air in 


we J had brought it to a * in which it 
2. Was 
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was diminiſhed a little by the mixture of nj- 
trous air, the cloudy appearance was in the ſame 
proportion; fo that this appearance ſeems to be 
equally a teſt of the fitneſs of air for reſpira- 
tion, with the redneſs which attends the mixture 
of it with nitrous air only, 


Having generally faſtened the ſmall bag 
which contained the volatile ſalt to a piece of 
braſs wire in the preceding experiment, I 
commonly found the end of it corroded, and 
covered with a blue ſubſtance. Alſo the ſalt it · 
ſelf, and ſometimes the bag was died blue, Bur 
finding that this was not the caſe when I uſed 
an iron wire 1n the ſame circumſtances, but 
that it became red, I was ſatisfied that bath the 
metals had been diſſolved by the volatile alkali, 
At firſt I had a ſuſpicion that the blue might 
have come from the copper, out of which the 
pitrous air had been made, But when the ni- 
trous air was made from iron, the appearances 


were, in all reſpects, the ſame, 


1 have obſerved, in the preceding ſection, 
that if nitrous air be mixed with common air 
in lime- water, the ſurface of the water, where 
it is contiguaus to that mixture, will be covered 
with an incruſtation of lime, ſhewing that ſome. _ 
fixed air had been depoſited i ia the proceſs. It 
is remarkable, however, as I there alſo juſt 

PI menten 
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mentioned, that this is the caſe when nitrous 
air alone is put to a veſſel of lime-water, after 


it has been kept in a 3/adder, or only transferred 


from one veſſel to another by a 7055 in the 
manner deſcribed, p. 15. ig. 9 


As I had uſed the ſame bladder for transfer- 
ring various kinds of air, and among the reſt 
fixed air, I firſt imagined that this effect might 
have been occaſioned by a mixture of this fixed 
air with the nitrous air, and therefore took a 
freſh bladder; but ſtill the effect was the ſame. 
To ſatisfy myſelf farther, that the bladder had 
produced this effect, I put one into a jar of 
nitrous air, and after it had continued there a 
day and a night, I found that the nitrous air in 
this jar, though it was transferred in a glaſs 
veſſel, made racer rurhid. 4 


Whether there was any thing in the prepara- 
tion of theſe bladders that occaſioned their pro- 
ducing this effect, I cannot tell. They were 
ſuch as I procure from the apothecaries. The 
thing ſeems to deſerve farther examination, as 
there ſeems, in this caſe, to be the peculiar 
effect of fixed air from other cauſes, or elſe 
a production of fixed air from materials that 
have not been ſuppoſed to yield it, at leaſt 
not in eee en to ran 


wk 


As 
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As fixed air united to water diſſolves iron, I 
had the curioſity to try whether fixed air alone 
would do it; and as nitrous air is of an acid na- 
ture, as well as fixed air, I, at the ſame time, ex- 
poſed a large ſurface of iron to both the kinds; 
firſt filling two eight ounce phials with nails, and 
then with quickſilver, and after that diſplacing 
the quiekſilyer in one of the phials by fixedꝭ air, 
and in the other by nitrous air ; then inverting. 
them, and leaving them with their mouths im- 
merſed in baſons of quickſilver. 


In theſe circumſtances the two phials ſtood 
about two months, when no ſenſible change at 
all was produced in the fixed air, or in the iron 
which had been expoſed to it, but a moſt re- 
markable, and moſt unexpected change was 
made in the nitrous air; and in purſuing the 
experiment, it was transformed into a ſpecies of 
air, with properties which, at the time of my 
firſt publication on this ſubje&, I ſhould not 
have heſitated to pronounce impoſſible, viz. air 
in which a candle burns quite naturally and 
freely, and which is yet in the higheſt degree 
noxious to animals, inſomuch that they die the 
moment they are put into it; whereas, in ge- 
neral, animals live with little ſenſible inconve- 
nience in air in which candles have burned aut. 
Buch, however, is nitrous air, after it has been 
long expoſed to a large ſurface of iran. 
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It is not leſs extraordinary, that a ſtill longer 
continuance of nitrous air in theſe circumſtances 
(but Bow long depends upon too many, and too 
minute circumſtances to be aſcertained with 
eractneſs) makes it not only to admit a candle 
to burn in it, but enables it to burn with an 
enlarged ume, by another flame (extending eve- 
ry where to an equal diſtance from that of the 
candle, and often plainly diſtinguiſhable from 
it) adhering to it. Sometimes I have perceived 
the flame of the candle, in theſe circumſtances, 
to be twice as large as it 1s naturally, and fome- 
times not leſs than five or fix times larger; ; and 
yet without any thing like an exploſion, as in the 
bring of Ne weakeſt inflammmable air. 


N or ĩs as farther progreſs i in the 3 
tion of nitrous air, in theſe circumſtances, leſs 
remarkable. For when it has been brought to 
the ſtate laſt mentioned, the agitation of it in 
freſh Water almoſt inſtantly takes off that pecu- 
liar kind of inflammability, ſo that it extin- 
guiſhes a candle, retaining its noxious quality. 
It alſo retains its power of diminiſhing com- 
| mon air in a very great degree. 


But this idxious quality, like the noxious 
quality of all other kinds of air that will bear 
agitation in water; is taken out of it by this 
ms continued a five minutes; in 
1 which 


which proceſs it ſuffers a farther and very con . 
ſiderable diminution. It is then jitſelf dimi. 
niſhed by freſh nitrous air, and animals live in 
it very well, about as well as In air in which 
candles haye burned out. 


Laſtly, One quantity ee air, which 
had been expoſed to iron in quickſilver, from 
December x8 to January 20, and which ap- 
pened to ſtand in water till January 31 (the iron 
ſtill continuing in the phial) was fired with an 
exploſion, exactly like a weak inflammable air. 
At the ſame time another quantity of nitrous 
air, which had likewiſe been expoſed to iron 
ſtanding in quickſilver, till about the fame 
time, and had then ſtood in water only, without 
iron, only admitted a candle to burn in it with 
an enlarged flame, as in the caſes above men- 
tioned. But whether the difference I have 
mentioned in the circumſtances of theſe experi- 
ments contributed to this difference in the fe- 
| ſult, 1 cannot tell. __—, 


Nitrous air treated in the manner above men- 
tioned is diminiſhed about one fourth by ſtand- 
ing in quickſilver; and water admitted to it will 
abſorb about half the remainder ; but if water 
only, and no quickſilver, be uſed from the be- 
ginning, the nitrous air will be diminimed 
much faſter and farther; ſo that not more than 
' one 
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one fourth, one ſixth, or one tenth of the origi. 
nal quantity will remain. But I do not know 
that there is any difference in the conſtitution 
ol the air which remains in theſe two caſes, 


The water which has imbibed this nitrous air 
expoſed to iron is remarkably green, alſo the 

- phual containing it becomes deeply, and, I be- 
lieve, indelibly tinged with green; and if the 
. Fater be put into another veſſel, it preſently 
_ depoſits a conſiderable quantity of matter, 
which when dry appears to be the earth or. 
ochre of iron; from which it is evident, that 
the acid of the nitrous air diſſolves the iron; 
while the phlogiſton, being ſet looſe, dimi- 
niſhes nitrous air, as in the proceſs of the iron 
filings and brimſtone, 2 | 
- Upon this hint, inſtead of ufing iron, I in- 
troduced a pot of liver of ſulphur into a jar of 
nitrous air, and preſently found, that what I 
ha before done by means of iron in ſix weeks, 
or two months, I could do by liver of ſulphur 
(in conſequence, no doubt, of its giving its 
phlogiſton more freely) in leſs than twenty-four 
a hours, eſpecially when the proceſs was kept 


It is remarkable, however, that if the proceſs 
with liver of ſulphur be ſuffered to proceed, 
2 bo ; | | | the 
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the nitrous air will bEdiminiſhed much farther, - 
At one time not more than one twentieth of the 
original quantity remained, and how much far- 
ther it might have been diminiſhed, I cannot 
tell. In this great diminution, it does not ad- 
mit a candle to burn in it at all; and I gene- 
rally found this to be the caſe whenever the di- 
minution had proceeded or three nde 
of the — quantity *, | 3 


1t is ſomething remarkable, that though the | 
diminution of nitrous air by iron filings and 
brimſtone very much reſembles the diminution 
of it by iron only, or by liver of ſulphur, yet 
the iron filings and brimſtone never bring it to 
ſuch a ſtate as that a candle will burn in it; 
and alfo that, after this proceſs, it is never 
capable of diminiſhing common air. But when 
it is conſidered that theſe properties are de- 
ſtroyed by agitation in water, this difference in 
the reſult of proceſſes, in other reſpects ſimilar, 
will appear leſs extraordinary; and they agree 
in this, that long agitation in water makes both 
theſe kinds of nitrous air equally fit for reſpi- 
ration, being equally diminiſhed by freſh ni- 
trous air, It is ROAD that there would have 


. The reſult of enn of theſe experiments I had * 
pleaſure of trying in the preſence of the celebrated Mr. 
De Luc of Geneva, when he was upon a viſe to Lord 
Shelburne i in Wiltſhire, 331 © 


boom 
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been à more exact agreement in the reſult of 
theſe proceſſes, if they had been made in equal 
degrees: of beat; but the proceſs. with iron was 
made in the uſual temperature of the atmo- 
ſphere, and that with liver of ſulphur generally 
near a fire, 


It may clearly, I think, be inferred from theſe 
| experiments, that all the difference between 
freſh nitrous air, that ſtate of it in which it is 
partially inflammable, or wholly fo, that in 
whieh: it again extinguiſhes candles, and that in 
which it finally becomes fit for reſpiration, de- 
pends upon ſome difference in the mode of the 
combination . its acid with phlogiſton, or on 
the proportion between theſe two ingredients in 
ies compoſition ; and it is not improbable but 
that, by a little more attention-to theſe experi- 
ments, the whole myſtery of this proportion 


* combination may be explained, 


F muſt not omit to obſerve that there was 
fomething peculiar in the reſult of the firſt ex- 
periment which T made with nitrous air expo- 
ſed to iron; which was, that, without any agi- 
tation in water, it was diminiſhed by freſh ni- 
trous air, and that a candle burned in it quite 
naturally. To what this difference was owing 
I cannot tell. This air, indeed, had been ex- 


. to the iron a week or two longer than in 
any 
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any of the other caſes, but I do not imagine 
that this circumſtance . dana: have n 
that difference. . 


When the proceſs is in water with: Je the 
time in which the diminution is accompliſhed is 
exceedingly various; being ſometimes com- 
pleted in a few days, whereas at other times 
it has required a week or 'a fortnight. Some 
kinds of iron alſo produced this effect much 
ſooner than others, but on what circumſtances 
this difference depends I do not know. What 
are the varieties in the reſult of this experi- 
ment when it is made in quickſilver I cannot 
tell, becauſe, on account of its requiring more 
time, I have not repeated it ſo often; but-I 
once found that nitrous air was not ſenſibly 

changed by having been expoſed to iron in 

quickſilver nine days; whereas in water a very 
conſiderable alteration was always Aue in 
much leſs than half that time. 


It may juſt deſerve to be mentioned, that ni- 
trous air extremely rarefied in an air- pump diſ- 
ſolves iron, and is diminiſhed by it as muchas 
When it is in its native een 


Ie is ſomething remarkable, though 1 never” 
attended to it, particularly before I made theſe 
een and it may tend to throw ſome 
"©" light 
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ght upon them, that when a candle is extin- 
guiſhed, as it never fails to be, in nitrous air, 
the flame ſeems to a little enlarged at its 


edges, by another bluiſn flame ebene toit juſt 
: — its extinction. | 


1 f. is proper to obſerve i in this alice) the the 
eleftric ſpark taken in nitrous air diminifhes it 
to one fourth of its original quantity, which 

is about the quantity of its diminution by iron 
filings and brimſtone, and alſo by liver of ſul- 
phur without heat. The air is alſo. brought 
by electricity to the ſame ſtate as it is by iron 
A and brimſtone, not diminiſhing common 
If the electric ſpark. be taken in it when 

Bo is confined by water tinged with archil, it is 
. preſently changed from blue to red, and ant 


to a very great eee 


4 e che iron th or wires, which I have 
uſed to diminiſh nitrous air, had done their of- 
fice, I laid them aſide, not ſuſpecting that they 
could be of any other philoſophical uſe ; but 

after having lain expoſed to the open air al- 

moſt a fortnight, having, for ſome other pur- 
poſe, put ſome of them into a veſſel contain- 
ing common air, ſtanding inverted, and im- 
merſed in water, I was ſurprized to obſerve 
that the air in which they were confined was 
— The diminution proceeded fo faſt, 
| 8 
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that the proceſs was completed i in about twen- 
ty-four hours ; for in that time the air was di- 
miniſhed about one fifth, ſo that it made no 

efferveſcence with nitrous air, and was there- 
fore, no doubt, highly noxious, like air dimi- 
niſhed by any other procels, 


This experiment I have repeated | a great 
number of times, with the ſame phials, | filled 
with nails or wires that have been ſuffered to 
ruſt in nitrous air, but their power of diminiſh- 
ing common air grows leſs and leſs continually. 
How long it will be before it is quite exhauſted 
I cannot tell. This diminution of air I con- 
clude muſt ariſe from the phlogiſton, either of 
the nitrous air or the iron, being ſome way en- 
tangled in the ruſt, in which the wires were en- 
cruſted, and afterwards getting looſe from it, 


To the experiments upon iron filings and 
brimſtone in nitrous air, I muſt add, that when 
a pot full of this mixture had abſorbed as much 
as it could of a jar of nitrous air (which is about 
three foutths of the whole) I put freſh nitrous 
air to it, and ĩt continued to abſorb, till three 
or four jars full of it diſappeared; but the ab- 
y ſorption was exceedingly flow at the laſt. Alſo. 
when I drew this pot through the water, and 
admitted freſh nitrous air to it, it abforbed ab- 


other 
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other jar full, and then ceaſed. But when I 
ſcraped off the oute? ſurface of this mixture, 


which had been ſo long expoſed to the nitrous 
air, the remainder abſorbed more of the air. 


When I took the top of the ERS Able 1 
had ſcraped off and threw upon it the focus of 
a burning-glaſs, the air in which it was con- 
1 fined Was diminiſhed, and became quite noxi- 

dous; yet when I endeavoured to get air from 
this matter in a jar full of . I was 
able to Þrocure little or nothing- | 


Tt js not a little remarkable that nitrous air 
diminiſhed by iron filings and brimſtone, which 
is about one fourth, cannot, by agitation in 
water, be diminiſhed much farther ; ,whereas 
pure nitrous air may, by the ſame proceſs, be 
diminiſhed to one twentieth of its whole bulk, 
and perhaps much more. This is ſimilar to 
the effect of the ſame mixture, and of phlo- 
iſton i in other caſes, on fixed air; for it ſo far 
changes its conſtitution, that it is afterwards 
| incapable of mixing with water. It is ſimilar 
alſo to the effect of phlogiſton in acid air, 
which of itſelf is almoſt inſtantly abſorbed by 
water; but by this addition it is firſt converted 
Into inflammable air, which does not readily 


mix with water, and which, by :lopg agita- 
tion 


- 
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tion in water, becomes of another Fnirutigahe 
Rs leſs miſcible, Pt rater. gains 1: 
92101 03/45; 
1 ſhall cloſe this ſion with a few other ob- 
ſervations of a miſcellaneous r 


Nitrous air is as much dimigithed. both by 
iron filings, and alſo by liver of ſulphur, 
when, confined 1 in e as when i it is ex- 


paled, to water... 


' Diſtilled water bel blue with the juice of 
turnſole becomes red on being impregnated 
with nitrous air; but by being expoſed a week 
or a fortnight to the common atmoſphere, in 
open and ſhallow veſſels, it recovers its blue 
colour; though, in that time, the greater part 
of the water will be evaporated. This ſhews 
that i in time nitrous air eſcapes from the water 
with which it is combined, juſt as fixed air 
does, though by no means ſo readily ® . 


Having diſſolved ſilver, copper, and iron in 
equal quantities of ſpirit of nitre diluted with 
water, the quantities of nitrous air produced 
from them were in the following proportion; 
from iron 8, from copper 63, from ſilver 6. In 


® I have not repeated this experiment with that varia- 
tion of circumſtances which an attention to Mr. Bewley's 


obſervation will ſuggeſt. 
Q about. 


— 
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about the fame proportion alſo i it was neceſſary 
to mix water with the ſpirit of nitre in each 
caſe, in order to make it diſſolve theſe metals 
with equal rapidity, filver requiring the leaſt 
water, and 1 iron the moſt. WD 1 


Pbeſpbers gaye no light in nitrous air, 
and did not take away from its power of dimi- 
niſhing common air; only when the redneſs 
of Ye mixture went off, the veſſel in which it 
was made was. filled with white fumes, as if 
there had been ſome volatile alkali i in it. The 
| phoſphorus. itſelf x was unchanged. | 


There is 1 0 i in the effect 
of nitrous air on ixſelis that are put into it. 
I obſerved before, that this kind « of air is as 

noxious as any. whatever, a mouſe tying the 
moment it is put into it; but frogs and ſnails 
(and therefore, probably, other animals whoſe. 
reſpiratisn is not frequent) will bear being ex- 
poſed to it a conſiderable. time, though they 
die at length. A frog put into nitrous air 
ſtruggled much for two or three minutes, 
and moved now and then for a quarter of an 
hour, after which it was taken out, but did not 
recover. Waſps always died the moment they 
were put into the nitrous: air. I could never 
obſerve that they made the leaſt motion in it, 
nor could they be recovered: to life afterwards. 
This 
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This ovas alſo the caſe in general with ſpiders,” 
Riot, and Butterflies. Sometimes, however, ſpi- 
ders would recover after deing menen about 
a mitiute-to this kind of at 4 

wo odds = 20231. 

."Osalibeving bow fatal nitrous air 1s to in- 
ſets,” ant! likewiſe its great antiſeptic power, 
I -eohceived® that confiderable uſe might be 
made of it in medicine, eſpecially i in the form 
of clyſters, in which fixed air had been applied 
with'{6m&fucceſs; and in order to try whether 
the 'bowtls of an animal would bear the injec-' 
tion of it, T contrived; with the help of Mr. 
Hey, to convey a quantity of it up the anus of 
a dog: But he gave manifeſt figns of uneaſi- 
neſs, as long as he retained it, which was a 
conſiderable time, though in a few hours af- 
terwards he was as lively as ever, and ſeemed 
to have ſuffered nothing from the operation, 


Perhaps if nitrous air was diluted either 
with common air, or fixed air, the bowels 
might bear it better, and ſtill it might be de- 
ſtructive to worms of all kinds, and be of uſe 
to check or correct putrefaction in the inteſti- 
nal canal, or other parts of the ſyſtem. I re- 
peat it once more, that, being no phyſician, I 
run no riſk by ſuch propoſals as theſe; and I 
cannot help flattering myſelf that, in time, very 
. medicinal uſe will be made of the appli- 

A. Q 2 cation 
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cation of theſe different kinds of air to the 
animal ſyſtem. Let ingenious phyſicians at- 
tend to this ſubject, and endeavour to lay hold 
of the new handle which is now preſented them, 
| before it be ſeized by raſh empiricks; who, by 

an indiſcriminate and injudicious application, 
often ruin, the credit of things and proceſſes, 
which might otherwiſe make an Wen addition 
to the ae and ars. n 21 30-9080) 

i ASAT 20 

* the Geſt publication of my papers, having 
experienced the remarkable antiſeptic power of 
nitrous air, 1 propoſed an attempt to preſerye- 
anatomical preparations, &c. by means of it; 
but Mr. Hey, who made the trial, found that, 
after ſome months, various animal ſubſtances 
were jy and did not — Wear: na- 
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WY my former cepetintents dn this ſpecies of 
air; I procured it from ſpirit of ſalt, but I have 
fince hit upon a much leſs expenſive method 
of getting it, by having recourſe to the pro- 
ceſs by which the ſpirit of ſalt is itſelf origi⸗ 
nally made. For this purpoſe 1 fill a ſmall 
phial with common ſalt; pour upon it a ſmall 
quantity of concentrated oil of vitriol, and re- 
ceive the fumes emitted by it in a veſſel previ- 
oiiſly filled with quickſilver, and ſtanding 1 in a 
baſon of quickſilver, in which ii appears in the 
form of a perfectly tranſparent air; being pre- 


ciſely the ſame thing with that-which I had 


before expelled from the ſpirit of alk. 6 


This method of procuting acid aids the | 


more convenient, as a phial, once prepared in 
this matinet, will ſuffice, for common experi- 
ments, many weeks; eſpecially if a little more 
dil of vitriol be occaſionally put to it. It only 
requires a little more heat at the laſt than at 
the firſt. Indeed, at the firſt, the heat of | 
perſon $ hand will often be ſufficient to mak is. 

2 Yor throw 
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throw out the vapour. In warm weather. it 
will even keep ſmoking many days without 
the application of any other heat. 
LCD I Load Re 

On this account it ſhould be placed where 
there are no inſtruments, or any thing of metal, 
that can be ebrroded by this acid vapour. It 
s from dear: bought experience that I give this 
advice. It may eaſily be perceived when this 
phial is throwing ont this acid vapour, as it al- 
ways appears, in the open air, in the form of a 
light cloud; owing, I ſuppoſe, to the acid at- 
tracting to itſelf, and uniting with, the moiſture 
that 1 is in che con atmoſphere. | 


© + * 1 


By this — I eren wig a ſtronger RAR 
of ſalt than can be-procured in any other way, 
For having a little water in the veſſel which 
contains che quickſilver, it imbibes the acid 
vapour, and at length becomes truly ſaturated 
with it. Having, in this manner, impregnated 
pure water with acid air, I could afterwards 
expel the ſame air from it, as from common 
Ware of ſalt. „. | 
" $ 221 mY 

* Ct before, that this acid vapour, or 
air, has a ſtrong affinity with pblegiſton, fo that 
it decompoſes many ſubſtances which contain 
tt, and with them forms. a permanently in- 

n air, no more liable to be imbibed 
vor ) by 


Marine acid Air. A 23x 


by water than inflammable air proctred by 
any other proceſs, being 1 in fact the very ſame 
| thing; and that, in ſome caſes, it even diſ- 
lodges ſpirit of nitre and oil of vitriol, which 
in Mat appear to be ſtronger acids than it- 
ſelf. 1 have ſince obſerved that, by giving it 
more time, it will extract phlogiſton from ſub- 
ſtances from which I at firſt concluded. that it 
was not able to do it, as from dry wood, cruſts 
of bread not burnt, dry fleſh, and what is 
more extraordinary from flints. As there was 
ſomething peculiar to itſelf in the proceſs or 
| reſult of each of theſe experiments, it may not 
be i {proper to mention them distinctly. | 


7 — of dry cork wood beidg put to the acid 
air, a {mall quantity remained not imbibed by 
water, and was 4 


Very dry pieces of oak, being expoſed to 
this air a day anda night, after imbibing A 
conſiderable quantity of it, produced air which 
Was inflammable indeed, but in the lighteſt 
degree imaginable. It ſeemed to be very nearly 
in the ſtate of common air. 


A piece of ivory imbibed the acid vapour 
very ſlowly. In a day and a night, however 
about half an ounce meaſure of permanent air 


was produced, and it was pretty ſtrongly in- 
Q4 flammable, 
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flammable. The ivory was ner diſcoloured, 
but was rendered ſuperficially ſoft and ela 


-* 


ys n en Or af 
4 TILED JE | a . 
Nees of beef, roſie! and made guite as; 
but not burnt, abſorbed the acid vapour ſlow- 
iy ; and when it had continued in this ſituation 
all night, from five ounce meaſures of the air, 
half a meaſure was permanent, and pretty 
ſtrongly inflammable. This "Experiment ſuc- 
ceeded a ſecond time exactly ii the fame man- 
ner; but when J uſed pieces of white dry 
chicken-fleſh,*though'T allowed the ſame time, 
and in other reſpects the proceſs ſeemed to 
go on in the ſame manner, I could not per- 


ceive that any part of the tetrldining air was 
„ neee 


1G: acer ns. 

Some pieces of a whitiſh kind of flint, being 
put into à quantity of acid air, imbibed but 
a very little of it in a day and a night; but 
of 21 ounce meaſures of ir, about half a mea- 
ſure remained unabſorbed by water, and this 
was ſtrongly inflamitiable; taking fire juſt like 
an equal mixture of inflammable and common 
air. At another time; however, I could not 
procure any inflammable air by this means ; 

but to hat Circumſtance" theſe different reſults 
were owing 1 cannot tell. * 


— 


* 


That 
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That inflammable air is produced from char. 
coal in acid air I obſerved before. I have fince 
found that it may likewiſe be procured from ir- 
c without being charred. ah 
Inflammable air I had alſo obſcivee ts ak 
from the expoſure of pirit of wine, and various 
oily ſubſtances, to the vapour of ſpirit of ſalt. 
I have ſince made others of a ſimilar nature, - 
and as peculiar circumſtances attended ſome 
of theſe experiments, I ſhall recite them more 


at large. 


Eſſential oil of mint abſorbed this air pretty 
faſt, and preſently became of a deep brown 
colour. When it was taken out of this air it 
was of the conſiſtence of treacle, and funk in 
water, ſmelling differently from what” it did 
before; but till the ſmell of the mint was 
predominant. Very little or none of the air 
was fixed, ſo as to become inflammable; but 
more time would probably have produced this 
effect. 


Oil of turpentine was alſo much thickened; 
and became of a deep brown colour, by being 
* with acid air. 


. 2D 
®».. 
+ 


Ether abſorbed acid air very faſt, and be- 


came firſt of a turbid white, and then of a yel- 
6 low 
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low and brown colour. In one night a conſi- 
derable quantity of permanent air was pro- 
. and it was h inflammable. 


Having, at one time, fully e a quan- 
tity of ether with acid air, I admitted bubbles 
of common air to it, chrough the quickſilver, 
by which it was confined, and obſerved chat 
white fumes were made in it, at the entrance 
of every bubble, for a conſiderable time. 


At another time, having fully ſaturated 3 

ſmall quantity of ether with acid air, and 
having left the phial-in which it was contained 
nearly full of the air, and inverted, it was by 
ſome accident overturned; when, inſtantly, the 
whole room was filled with a viſible fume, like a 
white cloud, which had very much the ſmell of 
ether, but peculiarly offenſive. Opening the 
door and window of the room, this light cloud 
filled a long paſſage, and another room. In the 
mean time the ether was ſeemingly all va- 
niſhed, but ſome time after the ſurface of the 
quickſilver in which the experiment had been 
made was covered with a liquor that taſted very 
acid; ariſing, probably, from the moiſture in 
the atmoſphere attracted by the acid vapour 
with which the ether had been impregnated. 


This 
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This viſible. cloud I attribute to the union 
ofthe the moiſture in the atmoſphere. with the com- 
pound of the acid air and ether. I have 
fince ſaturated other quantities of ether with 
acid air, and found it to be exceedingly volatile, 
and inflammable. Its exhalation was alſo vi- 
ſible, but not in ſo great a degree as in the caſe 
above MEnAONd. | 


88 was APIs reduced into a fluid 
tate by imbibing acid air, but there ſeemed to 
be ſomething of a whitiſh ſediment in it. After 
continuing two days in this ſituation I admitted 
water to it; immediately upon which the cam- 
phor reſumed its former ſolid ftate, and, to ap- 
pearance, was the very ſame ſubſtance that it 
had been before ; but the taſte of it was acid, 
and a very ſmall part of the air was permanent, 
and ſlightly inflammable. | 


The acid air ſeemed to make no imprel- 
ſion upon a piece of Derbyſhire par, of a very 
dark colour, and which, therefore, ſeemed to 
contain a good deal of n 


As the acid air has ſo near an affinity with 
phlogiſton, I expected that the fumes of liver of 
ſulphur, which chemiſts agree to be phlogiſtic. 
would have united with it, ſo as to form inflam- 


mable air; but I was diſappointed in that ex- 
pectation. 
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peRtarion. This ſubſtance imbibed half of che 
acid air to which it was introduced: one fourth 
of the remainder, after ſtanding ole day in 
quickſilver, was imbibed by water, and what 
was left extinguiſhed a candle. This experi- 
ment, however, ſeems to prove that acid air 
and phlogiſton may form a permanent Kind or 
air that is not inflammable. Perhaps it may be 
air in ſuch a ſtate as common air loaded with 
phlogiſton, and from which the fixed air has 
been precipitated. Or rather, it may be the 
ſame thing with inflammable air, that has loſt 
its inflammability by long ſtanding in xeon 
It werr IVES a T_T ora axes wad 


The following experiments are thoſs in 
which the ftronger acids were made uſe of, and 
therefore they may aſſiſt us farther to aſcertain 
their affinities with certain ſubſtances, with re- 
$i to this marine acid i in the form of air. 


1 put a quantity of ſtrong concentrated oil of 
vitriol to acid air, but it was not at all affected 
by it in a day and a: night. In order to try 
whether it would not have more power in a 
more condenſed ſtate, I compreſſed it with an 
additional atmoſphere; but upon taking off this 
preſſure, the air expanded again, and appeared 
to be not at all diminiſhed. I alſo put a quan- 


tity of ſtrong ſpirit of nitre to it without any 
ſenſible 


ſenſible effect. We may candid; therefore, 
that the marine acid, in chis form of air, is 
not able to diſlodge the other acids from their 


union N ſe. | 
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© Blue vitriol, which is formed by the union of 

the vitriolic acid with copper; turned to a dark 
green the moment that it was put to the acid 
air, which it abſorbed, though lowly. Two 
pieces, 4s big as ſmall nuts, abſorbed three 
outice meaſures of the ait in about half an hour. 
The gteen "colour was very ſuperficial ; for it 

was ealuy viped or waſhed pff. INT, 000 


* 
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Gren co dpperas turned to'a Fey green. up 
being Pa thro acid air, which it ted 
lowly.” White en eee this air very 
faft, and was s diffolved in W 


10 Ke L Jas 31: i JYOGE Tit ii 1 


257 


Sul ammbniac, being he Udon -of © irn or 


falt with völdtile alkali, was no mote affected 
with the acid air than, as 1 have obſerved be- 
fore,” combi" fat was, © -/ 7019 10D, 
| OIL IG ' 90 % q If101 1603 

* alfo introduced 10 the acid air various other 

| ſubſtances, without any Particular expeRation;, 
and it may be worth while t to give an account of 
the reſults, that the reader may draw from them 

ſuch concluſions as he ſhall think reaſonable. 


Borax 


* 
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' Borax abſorbed acid air about as faſt as hlue 

vitriol, but without . n ung elſe that was on: 

ſervable. 91 Wis > arty © I $7 5 62; 2 


11 
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Fine white ſages abſorbed this air lowly, was 
thoroughly penetrated with it, became of a 


deep brown colour, ang, 8 ſmell: char ; 
was, en Punge te. on 503-1 2 


dids 21 loi co 

A piece of th pi put to about 
twelve or fourteen ounce meaſures of acid air, 
and continuing in that | ſituation about two days, 
there remained one ounce meaſure of air that 
was not abſorbed by water, and it was very 
ſtrongly inflarmable, as much ſo a8 a mixture 
of half inflammable and half common air. 
Very particular care was taken that nq common 
air mixed with the acid air in this proceſs. At, 
another time, from about half the quantity of 
acid air above mentioned, with much leſs quick- 
lime, and in the ſpace of onę day, I got half an 


ounce,meaſure of air that as inflammable in a 
flight degree only. This, experiment. Proves, 
that ſome part of the phlogiſton which eſcapes 


from the fuel, in contact with which the lime is 
burned, — to it, But I am very far, tom 

thinking that the -cauſticity. of quick-lime 1 is at. 
all FG, do this 8 
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I have made a few more experiments on the 
mixture of acid air with other kinds of air, and 
think that it may be worth while to mention 
them, though nothing of conſequence, at leaſt 
nothing but OY TOY can be drawn 
from them. | * a | 

A ties | of common air ſaturated witly 
nitrous air was put to a quantity of acid air, 
and they continued together all night, without 
any ſenfiblerieffett, The quantity of both re- 
mained the fame, and water being admitted to 
them, it abſorbed all the acid air, and IP 


L. 


nen before. "gan boden 


ls 19 1 J leib as nd 

A mixture of « two thirds 155 air r-dimitiifhed 
by iron filings and brimſtone, and one third 
acid air, were mixed together, and left to ſtand 
four weeks in quickſilver. But when the mix- 
ture was examined, water preſently imbibed all 
che acid air, and the diminiſhed air was found to 
be juſt the ſame that it was before. I had ima- 
gined that the acid air might have united with 
the phlogiſton with which the diminiſhed air 
was overcharged, ſo as to render it wholeſome; 
and I had read an account of the ſtench ariſing 
from putrid bodies n corrected ks acid 
furnes. Yo Str 12 
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The remaining gant; in which; the 
acid air was pancipally agen are, 10 a 
eee e ret 11 10 Ani 
Rasa 000-02 34 oe ray 
I put a piece. of dry i ice to a quantity of a 
air (as was obſerved in the ſection concerning 
elkaline air) taking it with a forceps, which, as 
well as the air itſelf, and the quickſilver by 
which it had been confined, had been expoſed 
to the open air for an hour, in a pretty ſtrong 
froſt. The moment it touched the air it was 
diiſdlved as faſt as it would have been by being 
throw into a hot fire, and the air was preſently 
imbibed. Putting freſh pieces of ice to that 
which was diſſolved before, they were alſo diſ- 
ſolred immediately, and the water thus procu- 
red did not freeze again, though * 
à hole _—_ A no ponent] 
Kin nv 1997 dp of els5v 1007 
Flies ind Saeed in acid air / but not ſo 
quickly as in nitrous air. This ſurpried me 
very imuch ; as Lchad / imagined that nothing 
cduld be more ſpeedily fatal re life: _ 
. 2% N acid 3 e e e uy 
HTUOIIIHNH 7 ZE] W194 01 % 0s 2 054570 257 
225 . Abtes fh 
at one exploſion in the vapour of ſnioking pine 
of nitre, juſt like an equal mixture of inflam- 
mable and common air, I thought it was poſſible 
that the fume which naturally riſes from com- 
mon 
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mon ſpirit of ſalt might have the ſame effect, 
but it had not. For this purpoſe I treated the 
ſpirit of ſalt, as I had before done the ſmoking 
ſpirit of nitre; firſt filling a phial with it, then 
inverting it in a veſſel containing a quantity of 
the ſame acid; and having thrown the inflam- 
mable air into it, and thereby driven out all 
the acid, turning it with its mouth upwards, 
* immediately applying a candle to it. 


| Acid air not being ſo manageable.as moſt of 
the other kinds of air, I had recourſe to the fol- 
lowing peculiar method, in order to aſcertain 
1ts./pecific gravity. Having filled an eight ounce 
phial with this air, and corked it up, I weighed 
it very accurately; and then, taking out the 
cork, I blew very ſtrongly into it with a pair 
of bellows, that the common air might take 
place of the acid; and after this I weighed it 
again, together with the cork, but I could not 
perceive the leaſt difference in the weight, I 
conclude, however, from this experiment, that 
the acid air is heavier. than the common air, 
becauſe the mouth of the phial and the inſide 
of it were evidently: moiſtened by the water 
which the acid vapour had attracted from the 
air, which moiſture. muſt have as 2 the 

n of the phial. 22 
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Tt will here Seared Honwmy er | de. 
riments, that inflammable air conſiſts chiefly, 
if not wholly, of the union of an acid vapour 
with phlogiſton; that as much of the phlogiſton 
as contributes to make air inflammable i is im- 
bibed by the water in which it is agitated; that 
in this proceſs it ſoon becomes fit for reſpira- 
tion, and by the continuance of it comes at 
length to'extinguiſh flame. Theſe obſervations, 
and others which I have made upon this kind 
of air, have been confirmed by my later expe- 
riments, efpecially thoſe in which I have con- 
er rice experiments with thoſe on air. 


The clecrrie ſpark taken in any pci of ol 
produces inflammable air, as I was led to 
obſerve” in the following manner. Having 
found, as will be mentioned hereafter, that 
ether doubles the quantity of any kind of air 
to which it is admitted; and being at that time 
engaged in a courſe of experiments to aſcertain 
the effect of the electric matter on all che dif- 
ferent kinds of air, I had the curioſity to try 


* it ould do with — air, thus in- 
creaſed 
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creaſed by means of ether. The very firſt 


fpark, I obſerved, increaſed the quantity of this 
air very conſiderably, ſo that I had very ſoon 
fix or eight times as much as I began with; 
and whereas water imbibes all the ether that is 
put to any kind of air, and leaves it without 
any viſible change, with reſpect to quantity or 
quality, this air, on the contrary, was not im- 
bibed by water. It was alſo very little dimi- 
niſhed by the mixture of nitrous air. From 
whence it was evident, that it had received an 
addition of ſome other kind of air, of which it 
now Pr pany CORES: t | 


ON 0 to An whetheeithid effect 3 was 
produced by the wire, or the cement by which 
the air was confined (as I thought it poſſible 
that phlogiſton might be diſcharged from them) 
I made the experiment in a glaſs fyphon, fig. 19, 
and by that means 1 contrived: td make the 
electric ſpark paſs from quickſilver through the 
air on which I made the experiment, and the 
effect was the ſame as before At one time 
there happened to be a bubble of common air, 
without any ether, in one part of the ſyphon, 
and another bubble with ether in another part 
of it; and it was very amuſing to obſerve chou 

the ſame electric ſparks diminiſhed the former 
of rhefe bubbles, and EVE the latter. 45 
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It being evident that the ether occaſioned 
the difference that was obſervable in theſe two 
caſes, I next proceeded to take the electric ſpark 
in a quantity of ether only, without any air 
whatever; and obſerved that every ſpark pro- 
duced a ſmall bubble; and though, while the 
ſparks were taken in the ether itſelf, the gene- 
ration of air was ſlow, yet when ſo much air 
was collected, that the ſparks were obliged to 
paſs thraugh it, in order to come to the ether 
and the quickſilver on which it reſted, the in- 
creafe was exceedingly rapid; ſo that, making 
the experiment in ſmall tubes, as fig. 16, the 
quickſilver ſoon receded beyond the ſtriking 
diſtance. This air, by paffing through water, 
was eee to about one third, and was 
2 ode Las) bond. 9:7 
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One quantity of air PULLEY in this manner: 
Sm ether I ſuffered to ſtand two days in Wa- 
ter, and after that I transferred at ſeveral times 
through the water, from one veſſel to another, 
and ſtill found that it was very ſtrongly inflam- 
mable ; ſo: that I have no doubt of its being 
genuine inflammable air, like that which is 
produced from metals 1 or wy = ether: 
1 CTAN | 
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common and nitrous air, was likewiſe inflam- 
27 1 mable 3 
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mable ; but in the caſe of the nitrous air, the 
original quantity bore a very ſmall proportion 
to the 3 generated. 


Concluding that the inflammable matter in 
this air came from the ether, as being of the 
claſs of oils, I tried other kinds of oil, as oil of 
olives, oil of turpentine, and eſſential oil of mint, 
taking the electric ſpark in them, without any 
air to begin-with, and found that inflammable 
air was produced in this manner from them all. 
The generation of air from oil of turpentine 
was the quickeſt, and from the oil of olives the 
ſloweſt i in theſe three caſes. 


By the fame proceſs I got inflammable air 
from ſpirit of wine, and about as copiouſly as 
from the eſſential oil of mint. This air con- 
tinued in water 2 whole night, and when it 
was transferred into another veſſel was ſtrongly 
inflammable. 


In all theſe caſes the inflammable matter 
might be ſuppoſed to ariſe from the inflamma- 
ble ſubſtances, on which the experiments were 
made. But finding that, by the ſame proceſs, 
I could get inflammable air from the volatile 
ſpirit of ſal ammoniac, I conclude that the phls- -- 
giſton was in part ſupplied by the electric mat- 
ter 111 For though, as I have obſerved be- 

R 3 fore, 
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fore, the alkaline air which is expelled from 
the ſpirit of ſal ammoniac be inflammable, ir 
is ſo in a very ſlight degree, and can only be 


perceived to be ſo when there 1s a conſider- 
able nn of it. 


Endeavouring to procure air from a cauſtic 
alkaline liquor, accurately made for me by 
Mr. Lane, and alſo from ſpirit of ſalt, I found 
that the electric ſpark could not be made viſi- 
ble in either of them; ſo that they muſt be 
much more perfect conductors of electricity 
than water, or other fluid ſubſtances. This 
experiment well deſerves to be proſecuted. 


J obſerved before that inflammable air, by 

ſtanding long in water, and eſpecially by agita- 
tion in water, loſes its inflammability; and that 
in the latter caſe, after paſſing through a ſtate 
in which it makes ſome approach to common 
air (juſt admitting a candle to burn in it) it 
comes to extinguiſha candle. I have ſince made 
another obſervation of this kind, which well 
deſerves to be recited. It relates to the inflam- 
mable air generated from oak the 27th of July 
1771, of which I have made mention before. 


This air 1 have obſerved to have been but 
weakly inflammable ſome months after it was 
generated, and to have been converted into 


10 | Pretty | 
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pretty good or wholeſome air by no great de- 
gree of agitation in water; but on the 27th of 
March 1773, I found the remainder of it to 
be exceedingly good air. A candle burned in 
it perfectly well, and it was diminiſhed by ni- 
trous air almoſt as much as common air. 


I ſhall conclude this ſection with a few miſ- 
cellaneous obleryations of no great import- 
ance, 


Inflammable air is not changed by being 
made to paſs many times through a red-hot 
iron tube. It is alſo no more diminiſhed or 
changed by the fumes of liver of ſulphur, or 
by the electric ſpark, than I have before ob- 
ſerved it to haye been by a mixture of iron 
filings and brimſtone. When the electric ſpark 
was taken 1n it, it was confined by a quantity 
of water tinged blue with the juice of archil, 
but the colour remained unchanged. 


I put two waſps into inflammable air, and 
let them remain there a conſiderable time, one 
of them near an hour. They preſently ceaſed 
to move, and ſeemed to be quite dead for about 
half an hour after they were taken into the 
open air; but then they came to life again, and 
preſently after ſeemed to be as well as ever they 


had been. 
„ * 8 EC- 
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SECTION VI. 
i Of Fixed AIR. 


The additions I have made to my obſerva- 
tions on fixed air, are neither numerous nor 
conſiderable. 


The moſt important of them is a confirma- 
tion of my conjecture, that fixed air is capable 
of forming an union with phlogiſton, and there- 
by becoming a kind of air that is not miſcible 
with water. I had produced this effect before 
by means of iron filings and brimſtone, fer- 
menting in this kind of air; but I have ſince 
had a much more deciſive and elegant proof of 
it by electricity. For after taking a ſmall elec- 
tric exploſion, for about an hour, in the ſpace 
of an inch of fixed air, confined in a glaſs tube 
one tenth of an inch in diameter, fig. 16, I 
found that when water was admitted to it, only 
one fourth of the air was imbibed. Probably 
the whole of jt would have been rendered im- 
miſcible in water, if the electrical operation had 
been continued a ſufficient time. This air con- 
tinued ſeveral days in water, and was even agi- 
tated in water without any farther diminution, 

It 
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It was not, however, common air, for! it was 


not n by nitrous air. | 

js means of iron filings and brimſtone I 
have, ſince my former experiments, procured a 
conſiderable quantity of this kind of air in a 
method ſomething different from that which I 
uſed before. For having placed a pot of this 
mixture under a receiver, and exhauſted it 
with a pump of Mr. Smeaton's conſtruction, I 
filled it with fixed air, and then left it plunged 
under water; ſo that no common air could 
have acceſs to it. In this manner, and in about a 
week, there was, as near as I can recolle&, one 
ſixth, or at leaſt one eighth of the whole con- 
verted into a permanent air, not imbibed by 
water. 


From this experiment JI expected that the 
ſame effect would have been produced on fixed 
air by the fumes of liver of ſulphur; but I was 
diſappointed in that expectation, which ſur- 
priſed me not a little; though this correſponds 
in ſome meaſure, to the effect of phlogiſton ex- 
haled from this ſubſtance on acid air. Perhaps 
more time may be requiſite for this purpoſe, 
for this proceſs was not continued more than 
a day and a night, 
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Iron filings and brimſtone, I have obſerved, 
ferment with great heat in nitrous air, and I 
have ſince obſerved that this procels 1 1s attend- 
ed with greater heat in fixed air a! in com- 


e 


1 hough fixed air incorporated with water 
diſſolves i iron, fixed air without water has no 
ſuch power, as I obſerved before. I imagined 
that, if it could have diſſolved iron, the phlo- 
giſton would have united with the air, and 
have made it immiſcible with water, as in the 
former inſtances; but after being confined in a 
phial full of nails from the 15th of December 
to the 4th of October following, neither the 
iron nor the air appeared to have been affected 
by their mutual contact. 


Having expoſed equal quantities of common 
and fixed air, in equal and ſimilar cylindrical 
glaſs veſſels, to equal degrees of heat, by pla- 
cing them before afire, and frequently changing 
their ſituations, 1 obſerved that they were ex- 
panded exactly alike, and when removed from 
the fire they both recovered their former di- 
menſions. 2 


8 had ſome ſmall ſuſpicion that liver of 


ſulphur, beſides emitting phlogiſton, might 
alſo 
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alſo yield ſome fixed air (which is known to 

be contained in the ſalt of tartar from which 

it is made) I mixed the two ingredients, viz. 

ſalt of tartar and brimſtone, and putting 
them into a thin phial, and applying the 
flame of a candle to it, ſo as to form the 

liver of ſulphur, I received the air that 

came from it in this proceſs in a "veſſel of 
quickſilver. In this manner I procured a very 
conſiderable quantity of fixed air, ſo that I 
judged it was all diſcharged from the tartar. 
But though it is poſſible that a ſmall quan- 

tity of it may remain in liver of ſulphur, 

when it is made in the moſt perfect manner, 

it is not probable that it can be nn 

without heat. 


SECTION VIL 


| © MISCELLANEOUS EXPERIMENTS. 

1. It is ſomething extraordinary that, though 
ether, as I found, cannot be made to aſſume 
the form of air (the vapour ariſing from it by 
heat, being ſoon condenſed by cold, even in 
quickſilyer) yet that a very ſmall quantity of 
ether put to any kind of air, except the acid, 
and alkaline, which it imbibes, almoſt inſtant- 
ly doubles the apparent quantity of it; but 
upon paſſing this air through water, it is 
preſently reduced to its original quantity again, 
with little or no change of quality. 


J put about the quantity of half a nut-ſhell 
full of ether, incloſed in a glaſs tube, through 
a body of quickſilver, into an ounce meaſure 
of common air, confined by quickſilver ; upon 
which it preſently began to expand, till it oc- 
cupied the ſpace of two ounce meaſures. It 
then gradually contracted about one ſixth of an 
ounce meaſure. Putting more ether to it, it 
again expanded to two ounce meaſures; but no 
more addition of ether would make it expand - 
any farther. Withdrawing the quickſilver, and 
admitting water to this air, without any agita- 

Te tion, 
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tion, it began to be abſorbed ; but only about 
half an ounce meaſure had diſappeared-after it 
had ſtood an hour in the water. But by once 
paſſing it through water the air was reduced to 
its original dimenſions. Being tried by a mix- 
ture of nitrous air, it appeared not to be ſo 
good as freſh air, though the injury it had r 
ceived was not W  no:uldts ni 

All the ms of dilatation and con- 
traction were nearly the ſame, when, inſtead of 
common air, I uſed nitrous air, fixed air, in- 
flammable air, or any ſpecies of phlogiſticated 
common air. The quantity of each of theſe 
kinds of air was nearly doubled while they 
were kept in quickſilver, but fixed air was not; 
ſo much increaſed as the reſt, and phlogiſticated 
air leſs ; but after paſſing through the water, 
they appeared not to have been OT W 
by the proceſs. 16192 tive 


2. Spirit of wine yields no air by means-of 
hear, the vapours being ſoon condenſed by cold, 
like the vapour of water; yet when, in endea- 
vouring to procure air from it, I made it boil, 
and catched the air which had reſted on the Tow 
face of the ſpirit, and which had been expelled 
by the heat together with the vapour, in a veſſe 
of quickſilver, and afterwards admitted aci 
air to it, the veſſel was filled with white fumes, 

To 
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as if there had been a mixture of alkaline air 
along with it. To what this appearance was 
owing I cannot _ and indeed I did not exa+ 
MING] 4 | 1 19 0 i fit; 


Py 8 


if 


3. Having | boos tnfornied by D Dr. Small and 
N.. Bolton of Birmingham, that paper dipped 
in a ſolution of copper in ſpirit of nitre would 
take fire with a moderate heat (a fact which I 
afterwards found mentioned in the Philoſophi- 
cal Tranſactions) it occurred to me that this 
would be very convenient for experiments re- 
jating to ignition in different kinds of air; and 
indeed I found that it was eaſily fired, either by 
a burning lens, or the approach of red-hot iron 
on the outfide of the phial in which it was con- 
tained, and that any part of it being once fired, 

the whole was preſently reduced to aſhes; pro- 
vided" it was previouſly made thoroughly dry, 
which, however, it is not very 90 to do. | 


With this preparation, I found that this pa- 
per burned freely in all kinds of air, but not 
in vacuo, which is alſo the caſe with gunpow- 
der; and, as I have in effe& obſerved before, 
all the kinds of air in which this paper was 
burned received an addition to their bulk, 
which confiſted partly of nitrons air, from the 
nitrous precipitate, and partly of inflammable 


air, from the paper. As ſome of the circum- 
ſtances 
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ſtances attending the ignition of this paper in 
ſome of the kinds of air were a little 3 
. I ET AMET 50 


i Firiog: this paper in ee air, which 
ir did without any ignition of the inflammable 
air itſelf, the quantity increaſed regularly, till 
the phial in which the proceſs was made was 
nearly full; but then it began to decreaſe, till 

one r 1 _ ene ee men 


A piece bf this paper being put to three 
ounce meaſures of acid air, a great part of it 
preſently turned yellow, and the air was re- 
duced to one third of the original quantity, at 
the fame tine” becoining reddiſh, exactly like 
common air in a phial containing ſmoking ſpi- 
rit of nitre. After this, by the approach of 
hot iron, I ſet fire to the paper; immediately 
upon which there was a production of air which 
more than filled the phial, This air appeared, 
upon exarhmmation, to be very little different 
from pure nitrous air. I 1 2 this > 
ment * the fame event. 

Pier dipped. in a n of mercury, 
zinc, or iron, in nitrous acid, has, in a ſmall 
degree, the ſame property with paper dippetin 
a ſototion of copper in the fame acid. 


4. G 
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4. Gunpovwder is alſo fired in all kinds of air, 
and, in the quantity in which I tried it, did 
not make any ſenſible change in them, except 
that the common air in which it was fired 
would not afterwards admit a candle to burn in 
it. In order to try this experiment I half ex- 
hauſted a receiver, and then with a burning- 
glaſs fired the gunpowder which had been pre- 
viouſly put into it. By this means I could fire a 
greater quantity of gunpowder in a ſmall quan- 
tity of air, and avoid the hazard of blowing up, 


e pes meu wee rer, zit deo 5e 
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Rig in inflammable air, hut drops 
no reaſon for my fear; for it exploded quite 
freely in this air, leaving | it, in in kit juſt 
eee e i in 


In — to make this experiment, and.i in- 
deed. almoſt all the experiments of firing gun- 
powder. in, different kinds of air, I placed the 
powder upon a convenient ſtand within my re- 
ceiver, and having carefully exhauſted it by a 
pump of Mr. Smeaton's conſtruction, I filled 
the receiver with any kind of air by the appa- 
ratus deſcribed, p. p. 19, fig. 14, taking the great- 
eſt care that the tubes, &c. which conveyed 
the air ſhquld contain little or no common 
air. In the experiment with inflammable air a 

A con- 
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conſiderable mixture of common air would 
have been exceedingly hazardous : for, by that 
aſſiſtance, the inflammable air might have ex- 
ploded in ſuch a manner, as to have been dan- 
gerous to the operator. Indeed, I believe I 
ſhould not have ventured to have made the 
experiment at all with any other pump beſides 
Mr. Smeaton' xv 

gc 1 filed a ** veſſel with quick- 
filver, and introduced the air to it, when it 
was inverted in a baſon of quickſilver. By this 
means I intirely avoided any mixture of com- 
mon air; but then it was not eaſy to convey 
the gunpowder into it, in the exact quantity 
that was requiſite for my purpoſe. This, how- 
ever, was the only method by which I could 
contrive to fire gunpowder in acid or alkaline 
air, in which it exploded Juſt as. it did i in ni- 
trous or fixed air. 


x burned a conſiderable quanticy 10 gunpow- 
der in an exhauſted receiver (for it is well 


known that it will not explode in it) but the 
air I got from'it was very inconſiderable, and 


in theſe circumſtances. was neceffarily mixed 
with common air. A candle-wouls.u. burn 


in it. | — 
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I * to be apprehenſive wy = ol 
. conſidered as a dry experimenter, I ſhould paſs, 
with many of my readers, into the oppofite 
character of a viſionary theoriſt. A good deal 
of theory has been interſperſed in the courſe 
of this work, but, not content with this, I am 
now entering upon a long ſchon, which con- 
tains nothing) elſe. | ri 


— . 
* 3 : 


* 23 


. The auger that 1 1 ventured to ad- 
pane; in the body of the work will, I hope, 
be found to be pretty well ſupported by facts; 


but the preſent ſection will, 1 acknowledge, 
contain many random thoughts. I have, - 


readers of leſs imagination; and who care not 
to advance beyond the regions of plain fact, 
may, if they pleaſe, proceed no farther, that 
their delicacy. be not. offended, Wand SF I 


J 


* extenuation of my offence, let it, ber- 
"__ be conſidered, that theory and experiment 
F. * 
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neceſſarily go hand in hand, every proceſs be- 
ing intended to aſcertain ſome particular hypd= 
thefis, which, in fact, is only a conjecture con- 
cerning the circumſtances or the cauſe of ſome 
natural operation; conſequently, that the bold 
eſt and moſt original experimenters are thoſe, 
who, giving free ſcope to their imaginations, 
admit the combination of the moſt diſtant 
ideas; and that though many of theſe aſſocia- 


tions of ideas will be wild and chimerical, yet 


that others will have the chance of giving riſe 
to the greateſt and moſt capital diſcoveries z 
ſuch as very cautious, timid, ſober, and flow- 
thinking people would never have come at. 


* enn Oct. DAG WE. 5 2 
Sir Iſaac Newton himſelf, notwithſtanding? 


the great advantage which he derived from 
habit of patient thinking, indulged. bold 3 
excentric thoughts, of. which his Queries at 
the end of his book of Optics pas en 
evidence. And a quick conception of c iſtant 
analogies, which is the great key to unlock the 
ſecrets of nature, is by no means incompatihle 


with the ſpirit; of per/everance, in inyeſtigations 
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$1 1. W n the co NSTITUINT | 
_ PRINCIPLES of the different kinds of atk, and 
_ the CONSTITUTION and ORIGIN Y the ATMO- 


4 


SPHERE, Kc. Lin 


- All che Kinds of air that appear W ü be 
effencially diſtinct from each other are fxed 
air, acid and alkaline; for theſe, and another 
rinciple, called phlogifton, which I have not 
u able to exhibit in the form of air, and 
which has never yet been exhibited by itſelf in 
any form, ſeem to conſtitute all the Kinds of 
ern acquainted with. Win 


Ld 


Acid air and phlogiſton conſtitute an air 
which: either 'extinguiſhes flame, or is itſelf in- 
flammable; according, probably, to the quan- 
tity of phlogiſton combined in it, or the mode 
of combination. When it extinguiſhes flame, 
it is probably only ſo much charged with the 
phlogiſtic matter, as to take no more from a 
burning candle, which muſt, therefore, neceſſa- 
rity go out in it. When it is inflammable, it 
| is probably ſo much charged with phlogiſton, 

Hat the heat communicated by a burning can- 
dle makes it immediately ſeparate itſelf from 
the other principle with which it was united, 

in which ſeparation beat is produced, as in 
othes caſes of ignition; the action and reaction, 


* neceſſarily n the ſeparation of the 
al —- . Conſtituent 
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8 Andie principles, exciting probably a vi- 
W motion in 120 | 


Since inflammable air, by whe in water, 

 - firſt comes to loſe its inflammability; ſo as to 

be fit for reſpiration, and even to admit a can- 

dle to burn in it, and then comes to extinguiſh 

a candle; it ſeems probable that water imbibes 

a great part of this extraordinary charge of 

phlogiſton. And that water can be impreg- 

nated with phlogiſton, is evident from many 

of my experiments, eſpecially mow] in "ANY 
metals were calcined over it, | 


Water having this affinity with phlogiſton, 
it is probable that it always contains a conſi- 
 derable portion of it; which phlogiſtan having 
a ftronger affinity with the acid air, which is 
perhaps the baſis of common air, may by long 
agitation be communicated to it, ſo as to leave 
it over ſaturated, in conſequence of which it 
will W a candle. Reap uc 
| 11 is poſſible, n that intummable ub 
and air which extinguiſhes a candle may differ f 
from one another in the mode of the combinas 
tion of theſe two conſtituent principles, as well 
àas in the proportional quantity of each; N 
by agitation in water, or long ſtanding, that 
node of combination may change, This - 
8 3 know 
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- know todbe the caſe with other ſubſtances; as 
with milk, from which, by ſtanding only, cream 
is ſeparated ; which by agitation becomes but- 
ter. » Alſo many ſubſtances, being at reſt, pu- 
trefy, and thereby become quite different from 
what they were before. If this be the caſe with 
inflammable air, the water may imbibe either 
of the conſtituent parts, whenever any propor- 
tion of it is ſpontaneovſly ſeparated: from the 
reſt; and ſhould this ever be that phlogiſton, 
with which air is but ſlightly over- charged, as 
by the burning of a candle, it will be recovered 
tc a ſtate in which a candle may burn init again. 


It will be obſerved; however, that it was only 
in one inſtance that I found that ſtrong inflam- 
mable air; in its tranſition to a ſtate in which it 
extinguiſhes a candle, would admit a candle to 
burn in it, and that was very faintly ; that then 
the air was far from being pure, as appeared by 
the teſt of nitrous air; and that it was only from 
a particular quantity of inflammable air which 
1 got from oak, and which had ſtood a long 
time in water, that I ever got air which was as 
pure as eommon air. Indeed, it is much more 
eaſy to account for the paſſing of inflammable 
air into a ſtate in which it extinguiſhes candles, 
without any intermediate ſtate, in which it will 
admit a candle to burn in it, than otherwiſe. 


- P his 3 2 e and deſerves farther inveſ- 
tigation. 
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tigation. It will alſo be well worth while ta 
examine what difference the agitation of air in 
ale or err n will occaſion, 
. ah air ad phlogiſton make 2d 
mable air, and ſince inflammable air is con- 
vertible into air fit for reſpiration; it ſeemsg'not 
to be improbable, that theſe two ingredients 
are the only eſſential principles of common air. 
For this change is produced by agitation in wa- 
ter only, without the addition of any fixed air, 
though this kind of air, like various other things 
of 2 foreign n fans he combined. vii it, 
aGeakinieg Alb What ern guancities: | 
of inflammable air are produced by the burn- 
ing of ſmall pieces of wood or pit=coal, it may 
not be improbable but that the volcanoes, with 
which there are evident traces of almoſt the 
whole ſurface of the earth having heen over- 
ſpread, may have been the origin of our at- 
moſphere, as well as (according to the,opipion 
of ſome) of all che falid nd... 


- 05 The Ae phlogiſton 1 the air, in the 
ſtate in which ĩt ĩſſues from volcanos;. may have 
been imbibed by the waters of the ſea, which 
it is prabable originally coveredithe ſurface of 
the earth, though part of. it might haye united 
with _ acid yapqur exhaled from che ſea, and 
8 4 dy 
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by this union made a conſiderable and 
valuable addition to the common maſs of air; 
and the remainder of this over- charge of phlo- 
giſton may have been imbibed by plants as ſoon 
asthe ea un, furniſhed with them. | 


That an "hold vapour is jelly exhaled "AO 
the ſea, by the heat of the ſun, ſeems to be 
evident from the remarkably different ſtates of 
the atmoſphere; in this reſpect, in hot and cold 
_ climates. In Hudſon's Bay, and alſo in Ruſſia, 
it is ſaid, that metals hardly ever ruſt, whereas 
they are remarkably liable to ruſt in Barbadoes, 
an other iſlands between the tropics. See 
El 5s's Voyage, p. 288. This is alſo the caſe 
in places abounding with falt-ſprings, as _ 
wich in Cheſhire. N 


That mild air ſhould conſiſt of parts of fo 
very different a nature as an acid vapour and 
phlogiſton, one of which is ſo exceedingly cor- 
roſive, will not appear ſurpriſing to a chemiſt, 
who conſiders the very ſtrong affinity which 
theſe two principles are known to have with 
each other, and the exceedingly different pro- 
rties which fubſtances compoſed by them poſ- 
eſs. This is exemplified i in common /ulpbur, 
which is as mild as air, and may be taken into- 
the ſtomach with the utmoſt ſafety, though no- 

thing can be more deſtructive than one of its | 


CON 
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eonſtituent. parts, ſeparately taken, viz, oil of 
vitriol. Common air therefore, notwithſtand- 
ing its mildneſs, may be compoſed of ſimilar 


principlegcand bn eee d 


That the fixed air which males part of the 
atmoſphere is not pre ſently imbibed by the 
waters of the fea, on which it reſts, may be ow- 
ing to the union which this kind of air alſo ap- 
pears to be capable of forming with phlogiſ- 
ton. For fixed air is evidently of the nature of 
an acid; and it appears, in fact, to be capable 
of being combined with phlogiſton, and there- 
by of conſtituting a ſpecies of air not liahle to 
be imbibed by water. Phlogiſton, however, 
having a ſtronger affinity with acid air, which 
I ſuppoſe to be the baſis of common air, it is 
not ſurpriſing. that, uniting with this, in pre- 


ference to the fixed air, the latter ſhould be 
precipitated „whenever à quantity of common 


air is made noxious by an rede of le- 
giſton. F 


The fixed air with which our atmoſphere 


— may alſo be ſupplied by volcanos, 
from the vaſt maſſes of calcareous matter 


lodged i in the earth, together with inflammable 
air. Alſo a part of it may be ſupplied from the 


| — of vegetables upon the ſurface of 


it. At preſent, as faſt as it is precipitated and 
1 imbibed 
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imbibed by one e it mer dad 0 looſe by 
others. — 


Ic 


Whether t hand "ey 900 "R . an in- 
creaſe or a decreaſe of the general maſs of the 
atmoſphere is not eafy to conjecture, but 1 
ſhould imagine that i it rather inereaſes. It is 
true that many proceſſes contribute to a great 
viſible” diminution of common air, and that, 
when by other proceſſes it is reſtored to its 
former wholeſomeneſs, it is not inereaſed in its 
dimenſions; but volcanos and fires ſtill ſupply 
vaſt quantities of air, though 1 in a ſtate not yet 
fit for reſpiration; and it will have been ſeen 
in my experiments, that vegetable and animal 
ſubſtances, diſſolved by putrefaction, not only 
emir phlogiſton, but likewiſe yield a conſider- 
able quantity of permanent elaſtic air, over- 
loaded indeed with phlogiſton, as might be 
expected, but capable of being purified by 
thoſe proceſſes i in nature by which other NOX- 

ious air is purified. 


That particles are continually detaching 
s themſelves from the ſurfaces of all ſolid bodies, 
even the metallic ones, and that theſe particles 
conſtitute the moſt permanent part of the at- 
. moſphere, as Sir Iſaac Newton ſuppoſed, does 
| not appear to me to mY at all age pee 


My 
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My readers will have obſerved, that not only 
is common air liable to be diminiſhed by a 
mixture of nitrous air, but likewiſe air origi · 
nally produced from inflammable air, and even 
from nitrous itſelf, which never contained any 
fixed air. From this it may be inferred, that 
the whole of the diminution of common air by 
phlogiſton is not owing to the precipitation of 
fixed air, but from a real contraction of its di- 
menſions, in conſequence of its union with 
phlogiſton. Perhaps an accurate attention to 
the ſpecific gravity of air procured from theſe 
different materials, and in theſe different ſtates, 
may determine this matter, and aſſiſt us in in 
veſigapng the nature of phlogiſton, - 


In * manner air is diminiſhed by —_ 
giſton,, independent of the precipitation of any 
of its conſtituent parts, is not eaſy to conceive; 
unleſs air thus diminiſhed be heavier than ar 
not diminiſhed, which I did not find to be the 
caſe. It deſerves, however, to be. tried with 

more attention. That phlogiſton ſhould com- 

municate abſolute levity to the bodies with 

which it is combined, is a ſuppoſition that Lam 

not willing to have recourſe ta, though it would 
afford an eaſy ſolution of this difficult. 

x87 
oy page likewiſe obſerved, that a mouſe will 
live almoſt as long in inflammable air, when it 


oy 


n — - . 
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has been agitated in water, and even before it 

has been deprived of all its inflammability, as 
in common air; and yet that in this ſtate it is 
not, perhaps, ſo much diminiſhed by nitrous 
air as common air is. In this caſe, therefore, 
the diminution ſeemis to have been occaſioned 
by a contraction of dimenſions, and not by a loſk 
of any conſtituent part; ſo that the air is really 
better, that is, more fit for reſpiration, than, by 


I gore nitrous ny: it would ſeem hag off 


ES - TE” 


II this be the caſe e (tor 1 1 not eaſy to judge 
with accuracy by experiments with mall ani- 
mals) nitrous air will be an accurate teſt of the 
goodneſs of common air only, that is, air con- 
taining a conſiderable proportion of fixed air. 
But this is the moſt yaluable purpoſe for which 
a teſt of the goodneſs of air can be wanted, 
It will ſtill, indeed, ſerve for a meaſure of the 
goodneſs of air that does not contain fixed 
air; but, a ſmaller degree of diminution in 
this caſe, muſt be admitted to be equivalent 
to rener diminution in the other. ru 


AST could never, by means of growing ve- 
getables, bring air which had been thoroughly 
noxious to ſo pure a ſtate as that a candle would 


burn in it, it may be ſuſpected that ſomething 


elſe beſides vegetation is neceſſary to produce 
_ effect. But it ſhould be conſidered, that 


no 
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no part of the common atmoſphere can ever be 
in this highly noxious ſtate, or indeed in a ſtate 
in which a/candle will not burn in it; but that 
even air reduced to this ſtate, either by candles 
actually burning out in it, or by breathing it, 
has never failed to be perfectly reſtored by 
vegetation, at leaſt ſo far that candles would 
burn in it again, and, to all appearance, as 
well, and as long as ever; ſo that the growing 
vegetables, with which the ſurface of the earth 
is overſpread, may, for any thing that appears 
to the contrary, be a cauſe of the purification 
of the atmoſphere ts adequate to the 
effect. | 


It may likewiſe be ſuſpected, that ſince HY 
tation in water injures pure common air, the 
agitation of the ſea may do more harm than 
good in this reſpect. But it requires a much 
more violent and longer continued agitation, of 
air in water than is ever occaſioned by the 

waves of the ſea, to do the leaſt ſenſible injury 
to it. Indeed a light agitation of air in putrid 
water injures it very materially; but if the 
water be ſweet, this effect is not produced, ex- 
cept by a long and tedious operation, whereas 
it requires but a very ſhort time, in compati- 
Jon; to reſtore a quantity of any of the woſt 
noxious kinds of air to a very great _— = 


Kg a by the ſame procels. 3 
Dr. 
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Dr. Hales found that he could breathe the 
fare” air much longer when, in the courſe of 
his reſpiration, it was made to paſs through 
ſeveral folds of cloth dipped in vinegar, in a 
ſolution of ſea- ſalt, or in ſalt of tartar, eſpe- 
cially the laſt. Statical Eſſays, vol. i. p. 266. 
The experiment is valuable, and well deſerves 
to be repeated with a greater variety of circum- 
ſtances. I imagine that the effect was produced 
by thoſe ſubſtances, or by the water which they 
attracted from the air, imbibing the phlogiſtic 
matter diſcharged from the lungs. Perhaps the 
Phlogiſton may unite with the watery part of 
the atmoſphere, in preference to any other part 
of it, and may by that means be more eaſily 


* to ſuch falts as imbibe ON 


Sir Ifaac Newt defines une t tobe 1 
Aae, conſidering all /moke as being of the 
ſame nature, and capable of ignition. But the 
ſmoke of common fuel conſiſts of two very 
different things. That which riſes firſt is mere 
water, loaded with ſome of the groſſer parts of 
the fuel, and is hardly more capable of be- 
coming red hot than water itſelf; but the other 
kind of ſmoke, which alone is capable of igni- 
tion, is properly inflammable air, which i is alſo 
loaded with other heterogeneous matter, ſo as 
40 appear like a very denſe ſmoke. A lighted 
candle ſoon ſhews them to be eſſentially diffe- 
4 l £ rent 


— 
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rent from each other. For one of them in- 
ſtantly takes fire, whereas the other extinguiſh 
es a candle, | 


10 1 is remarkable that gutpowder will take 
fire, and explode in all kinds of air, without 
diſtinction, and that other ſubſtances which 
contain nitre will burn freely in thoſe circum- 
ſtances. Now. ſince nothing can burn, unleſs 
there be ſomething at hand to receive the phlo- 
giſton, which is ſet looſe in the act of ignition, 
I do not ſee how this fact can be accounted for, 
but by ſuppoſing that the acid of nitre, being 
peculiarly formed to unite with phlogiſton, 
immediately receives it. And if the ſulphur, 
which is thereby formed, be inſtantly decom- 
poſed again, as the chemiſts in general fay, 
thence | comes the exploſion of gunpowder, 
which, however, requires the reaction of fome 
incumbent atmoſphere, and without which the 
materials will only melt, and be diſperſed with- 

ut ee. 


„Nitraus. air ſcems to 3 of the nitrous 
acid vapour united to phlogiſton, together, per- 
haps, with ſome ſmall portion of the. metallic 
calx; juſt as inflammable air conſiſts of the 
vitriolic or marine acid, and the ſame phlogiſtic 
principle. It ſhould ſeem, however, that phlo- 
giſton has a ſtronger affinity with. the marine 

acid, 
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acid, if that be tlie baſis of common air; for 
nitrous air being admitted to common air, it is 
immediately decompoſed probably by the 
phlogiſton joining with the acid principle of 
the common air, while the fixed air which it 
contained is precipitated, and the acid of the 
nitrous air is abſorbed by the water in which 
the mixture is made, or unites with any volatile 
| alkali Ve happens to be at hand. 


This, indeed, is hardly eb to the hy- 
potheſis of moſt chemiſts, who ſuppoſe that the 
nitrous acid is ſtronger than the marine, ſo as 
to be capable of diflodging it from any baſe 
with which it may be combined; but it agrees 
with my own- experiments on marine acid air, 
which ſhew that, in many caſes, this weaker acid, 
as it is called, is capable of ſeparating both the 


vitriolic and the nitrous acids from the phlo- 
Ae” with which oy are bg cons aig 


On the i hand, the ſolution of Web i in 
the different acids ſeems to ſhew, that the ni- 
trous acid forms a cloſer union with phlogiſton 
than the other two; becauſe the air which is 
formed by the nitrous acid is not inflammable, 
like that which is produced by the oil of vitriol, 


or the ſpirit of falt. Alſo, the ſame weight of 


iron does not yield half the quantity of nitrous 
air that i it does of inflammable, 


The 


\ 
3 * oe by a 4 
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The great diminution of nitrous air by phlo- 
giſton is not eaſily accounted for, unleſs we 
ſuppoſe that its ſuperabundant acid, uniting 
more intimately with the phlogiſton, conſtitutes 
a ſpecies of ſulphur that is not eaſily perceived 
or catched ; though, in the proceſs with iron, 
and alſo in that with liver of ſulphur, part of 
the redundant phlogiſton forms ſuch an union 
with the acid as gives it a kind of inflamma- 
W 
It appears to me 0 * very «probable, thin 
the ſpirit ; of nitre might be-exhibited in the 
form of air, if it were poſſible to find any fluid 
by which it could be confined ; but it unites 
with quickſilyer as well as with water, ſo that 
when, by boiling the ſpirit of nitre, the fumes 
are driven through the glaſs tube, fig. 8, they 
inſtantly ſeize upon the quickſilver through 
which they are to be conveyed, and uniting 
with it, form a ſubſtance that ſtops up the tube: 
a circumſtance which has more than once ex- 
poſed me to very diſagreeable accidents, in 
conſequence of the burſting of the phials. 


I do not know any inquiry more promiling 
than the inveſtigation of the properties: of nitre; 
the nitrous acid, and nitrous air. Some-of the 
moſt Tao: nn in nature are con- 


44 * 
is 


4 
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nected with them, and the eng n to be | 
up WP our euch. | 


; 2. Speculations ariſing from the conſi deration of 
"the ſimilarity of the ELECTRIC MATTER and 
|  PHLOGISTON. 


There is nothing in the hiſtory of philoſophy 
more ſtriking than the rapid progreſs of ele#Fri- 
city, Nothing ever appeared more trifling than 
the firſt effects which were obſeryed of this 
agent in nature, as the attraction and repulſion 
of ſtraws, and other light fubſtances. It ex- 
cited more attention by the flaſhes of /ighz 
which it exhibited. We were more ſeriouſly 
alarmed at the electrical fock;-and' the effects 
of the electrical bartery ; and we were aſhoniſh- 
ed to the higheſt degree by the diſcovery of 
the ſimilarity of electricity with ligbining, and 
the aurora bereatis, with the connection it ſeems 
to have with water- puts, hurricanes, and eartb- 
gquakes, and alſo with the part that is probably 
aſſigned to it in the ſyſtem of vegetation, and 
other the moſt important proceſſes in nature. 


. Yet, notwithſtanding all this, we have been, 
within a few years, more puzzled than ever 
with the electricity of the torpedo, and of the 
anguille temblante of Surinam, eſpecially finee 
that moſt curious diſcavery of Mr, Walſh's, 

that 
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that the former of theſe wonderful fiſhes has 
the power of giving a proper electrical ſhock; 
the electrical matter which proceeds from it 
performing a real circuit from one part of the 
animal to the other ; while both the fiſh which - 
performs this experiment and all its apparatus 
are plunged in water, which is en to be a 


conducting ſubſtance. 


Perhaps, however, by conſidering this fact in 
connection with a few others, and eſpecially 
with what I haye lately obſerved concerning 
the identity of electricity and phlogiſton, a lit- 
tle light may be thrown. upon this ſubject, 

in conſequence of which we may be led to 
conſider. electricity in a ſtill more important 
light. Many of my readers, I am aware, 
will ſmile at what I am going to advance; but 
the apprehenſion of this ſhall not interrupt my 
ſpeculations, how chimerical ſoever * may 


by thaught to. be. 


The fads, the , 6 of which] would 
combine with that of the electricity of bs tor- 


pedo, are the following: 


Firſt, The remarkable electricity of che fea 
thers of a paroquet, obſerved by Mr.-Hart- 
mann, an account of which may be ſeen. in Mr. 
Rozicr's Journal for Sept. 1771, P. 69+ This 

o 1110 L bird 
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bird never drinks, but often waſhes itſelf; but 
the perſon who attended it having neglected to 
ſupply it with water for this purpoſe, its fea- 
thers appeared to be endued with a proper elec- 
trical virtue, repelling one another, and retain- 
ing their electricity a long time after they were 
plucked: from the body of the bird, juſt as 
they would have done if they had received elee- 
1 from an excited e tube. e 

- Seem The He&tics matter Atteste 
through the body of any muſcle forces it to 
contract. This is known to all perſons who 
attend to what is called the ele&rieal' ſhock; 
which certainly occaſions a proper convulfion, 
but has been more fully illuſtrated by Father 
d See 71 Hytoryof aan P- your” 


Laſtly," Let it be conſidered that the proper 
nouriſhment” of an animal body, from which 
the ſource and materials of all muſcular mo- 
tion muſt be derived, is probably ſome modifi- 
cation of phlogiſton. Nothing will nouriſh 
that does not contain phlogiſton, and probably 
in ſuch a ſtate as to be eaſily ſeparated from it 
by er animal 90 Nur 1 

That the Ae of moſewlar motion is phlo-- 
giſton 1 is ſtill more probable, from the conſide- 
ration of the well known effects of vinous and 

a ſpirituous 
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fpirituous liquors, which conſiſt very much of 
phlogiſton, and which inſtantly brace and 
ſtrengthen the whole nervous and muſcular 
ſyſtem; the phlogiſton in this caſe being, per- 
haps, more eaſily extricated, and by a leſs 
tedious animal proceſs, than in the uſual me- 
thod of extracting it from mild aliments. 
Since, however, the mildeſt aliments do the 
ſame thing more ſlowly and permanently, that 
ſpirituous liquors do ſuddenly and tranſiently, 
it ſeems probable that their operation is ulti- 


—_ the ſame, 

This be c is likewiſe favoured by my 
obſervation, that reſpiration and putrefaction 
affect common air in the ſame manner, and in 
the ſame manner in which all other proceſſes 
diminiſh air and make it noxious, and which 
agree in nothing but the emiſſion of phlogiſton. 
If this be the caſe, it ſhould ſeem that the 
phlogiſton which we take in with our aliment, 
after having diſcharged its proper function in 
the animal ſyſtem (by which it probably under- 
goes ſome unknown alteration) is diſcharged as 
effete by the lungs into the great common men- 
Hraun, the Wee en 


My e ſ uggeſted (whether ſu pported 
or not) by theſe facts, is, that animals have a 
* of converting phlogiſton, from the ſtate 

* in 
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in which they receive it in their nutriment, into 
that ſtate in which it is called the electrical 
fluid; that the brain, beſides its other proper 
uſes, is the great laboratory and repoſitory for 
this purpoſe; that by means of the nerves this 
great principle, thus exalted, is directed into 
the muſcles, and forces them to act, in the 
ſame manner as they are forced into action 
when the electric fluid - en into them ab 
. | 


I hither ſuppoſe, * ts n of al- 
mals have no power of throwing this gene- 
rated electricity any farther than the limits of 
their own ſyſtem ; but that the torpedo, and 
animals of a ſimilar conſtruction, have like- 
wiſe the power, by means of an additional ap- 
paratus, of throwing it farther, ſo as to affect 
other animals, and other ſubſtances at a diſtance 
from them. 


In this caſe, it ſhould ſeem that the electric 
matter diſcharged from the animal ſyſtem (by 
which it is probably more exhauſted and fati- 
gued than by ordinary muſcular motion) would 
never return to it, at leaſt ſo as to be capable 
of being made uſe of a ſecond time, and yet 
if the ſtructure of theſe animals be ſuch 
a8 that the electric matter mall dart from 
one * of chem ail while another part 

| ig 
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1s left ſuddenly deprived of it, it may d A 
circuit, as in the Leyden phial. 


As to the manner in which the electric matter 
makes a muſcle contract, I do not pretend to 
have any conjecture worth mentioning. I. 
only imagine that whatever can make the muſ- 
cular fibres recede from one another farther 
than the parts of which they conſiſt, muſt have 
this effect. 


Poſſibly, the ligbt which is ſaid to proceed 
from ſome animals, as from cats and wild 
beaſts, when they are in purſuit of their prey 
in the night, may not only ariſe, as it has 
hitherto been ſuppoſed to do, from the friction 
of their hairs or briſtles, &c. but that violent 
muſcular exertion may contribute to it. This 
may aſſiſt them occaſionally to catch their 
prey; as glow- worms, and other inſects, are 
provided with a conſtant light for that purpoſe, 
to the ſupply of which light their nutriment 
may alſo contribute. 


©-I would not even ſay that the light which 
1s ſaid to haye proceeded from ſome human 
bodies, of a particular temperament, and eſpe- 
cially on ſome extraordinary occaſions, may 
not have been of the electrical kind, that is, 
— independently of friction, or with leſs 
1 4 friction 
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friction than would have produced it in other 
perſons; as in thoſe caſes related by Bartholin 
in his treatiſe De luce animalium. See particu- 
larly what he ſays concerning Theodore king 
of the Goths, p. 54, concerning Gonzaga duke 
of Mantua, p. 57, and Gothofred Antonius, p. 
123. But I would not have my readers ſuppoſe 


that I lay much ſtreſs upon ſtories no better 
authenticated than theſe, | 


The electric matter in paſſing through non- 
conducting ſubſtances always emits /ight, This 
light I have been ſometimes inclined to ſuſpect 
might have been ſupplied from the ſubſtance 
through which it paſſes. But I find that after 
the electric ſpark has diminiſhed a quantity of 
air as much as it poſſibly can, ſo that it has 
no more viſible effect upon it, the electric light 
in that air is not at all leſſened. It is proba- 
ble, therefore, that electric light comes from 
the electric matter itſelf; and this being a mo- 
dification of phlogiſton, it is probable that a// 
ligbt is a modification of phlogiſton alſo. In- 
deed, ſince no other ſubſtances beſides ſuch as 
contain phlogiſton are capable of ignition, and 
conſequently of becoming luminous, it was on 
this account pretty evident, prior to theſe de- 
ductions from electrical phenomena, that light 
and phlogiſton are the _ thing, 1 in different 
N or ſtates. 

ä It 
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It appears to me that heat has no more pro- 
per connection with phlogiſton than it has with 
water, or any other conſtituent part of bodies; 
but that it is a ſtate into which the parts of bo- 
dies are thrown by their action and reaction 
with reſpect to one another; and probably (as 
the Engliſh philoſophers in general have ſup- 
poſed) the heated ſtate of bodies may conſiſt of 
a ſubtle vibratory motion of their parts. Since 
the particles which conſtitute light are thrown 
from luminous bodies with ſuch amazing ve- 
locity, it is evident that, whatever be the cauſe 
of ſuch a projection, the reaction conſequent 
upon it muſt be conſiderable. This may be 
ſufficient not only to keep up, but alſo to in- 
ereaſe the vibration of the parts of thoſe bo- 
dies in which the phlogiſton is not very firmly 
combined; and the difference between the ſub- 
ſtances which are called inflammable and others 
which alſo contain phlogiſton may be this, that 
in the former the heat, or the vibration occa- 
ſioned by the emiſſion of their own phlogiſton, 
may be ſufficient to occaſion the emiſſion of 
more, till the whole be exhauſted; that is, till 
the body be reduced to aſhes; Whereas in 
bodies which are not inflammable, the heat 
occaſioned by the emiſſion of their own phlo- 
giſton may not be ſufficient for this purpoſe, 
but an additional heat * extra may be m 


hy iT, — 


, 
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Some philoſophers diſlike the term pblogiſton; 
but, for my part, I can ſee no objection to 


giving that, or any other name, to a real ſome- 


thing, the preſence or abſence of which makes 
ſo remarkable difference in bodies, as that of 
metallic calces and metals, oil of vitriol and brim- 
fone, &c. and which may be transferred from 
one ſubſtance to another, according to certain 
known laws, that is, in certain definite circum- 
ſtances. It is certainly hard to conceive how 
any thing that anſwers this deſcription can be 
only a mere quality, or mode of bodies, and 
not a ſubſtance itſelf, though incapable of being 
exhibited alone, At leaſt, there can be no 
harm in giving this name to any thing, or any 
cirtumſtance that is capable of producing theſe 
effects. If it ſhould hereafter appear not to be 
a ſubſtance, we may change our phraſcology, 
if we think Proper. 


On 0 other hand, I diſlike the uſe of the 

term fire, as a conſtituent principle of natural 
bodies, becauſe, in conſequence of the uſe 
that has generally been made of that term, it 
includes another thing or circumſtance, viz. 
heat, and thereby becomes ambiguous, and is 
in danger of miſleading us. When I uſe the 
term phlogiſton, as a principle in the conſtitu- 
tion of bodies, I cannot miſlead myſelf or 


| en becauſe I uſe one and the ſame term to 


10 5 denote 
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denote only one and the ſame anknown cauſe of 
certain well-known effects. But if I ſay that 
fre is a principle in the conſtitution of bodies, 
I muſt, at leaſt, embarraſs myſelf with the dif- 
tinction of fire in a fate of action, and fire in- 
acłive, or quieſcent. Beſides, I think the term 
phlogiſton preferable to that of fire, becauſe 
it is not in common uſe, but confined to phi- 
loſophy ; ſo that the uſe of it may be more _ 
curately aſcertained, 


Beſides, if phlogiſton and the electric matter 
be the ſame thing, though it cannot be exhi- 
bited alone, in a quieſcent ſtate, it may be ex- 
hibited alone under one of its modifications, 
when it is in motion. And if light be alſo phlo- 
giſton, or ſome modification or ſubdiviſion of 
— the ſame thing is capable of being 
exhibited alone in this other form alſo. 


In my paper on the conducting power of chay- 
coal, (See Philoſophical Tranſactions, vol. 60. 
P. 221.) I obſerved that there is a remarkable 
reſemblance between metals and charcoal ; as 
in both theſe ſubſtances there is an intimate 
union of phlogiſton with an earthy baſe ; and 
I ſaid that, had there been any phlogiſton in 
water, I ſhould have concluded, that there had 
been no conducting power in nature, but in 
conſequence of an union of this principle with 

9 ſome 
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ſome baſe; for while metals have phlogiſton 
they conduct electricity, but when they are de- 
prived of it they conduct no longer. Now the 
affinity which I have obſerved between phlo- 
giſton and water leads me to conclude that 
water, in its natural ſtate, does contain ſome 
portion of phlogiſton; and according to the 
hypotheſis juſt now mentioned they muſt be 
intimately united, becauſe water is not inflam- 


mable. 


I think, therefore, that after this ſtate of he- 
fitation and ſuſpenſe, I may venture to lay it 
down as a Characteriſtic diſtinction between con- 
ducting and non-condutting ſubſtances, that 
the former contain phlogiſton intimately united 
with ſome baſe, and that the latter, if they con- 
tain phlogiſton at all, retain it more looſely. 
In what manner this circumſtance facilitates 
the paſſing of the electric matter through one 
ſubſtance, and obſtructs its paſſage through an- 
other, I do not pretend to ſay. But it is no in- 
conſiderable thing to have advanced but one 
Hep nearer to an explanation of ſo very capital 
a diſtinction of natural bodies, as that into con- 
ductors and DOR andrer of ceagtneitr. 


1 ben leave to mention in this place, as fa- 
vourable to this h: potheſis, a moſt curious diſ- 


n made very lately by Mr. Walſh, who 
being 
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being aſſiſted by Mr. De Luc to make a more 
perfect vacuum in the double or arched baro- 
meter, by boiling the quickſilver in the tube, 
found that the electric ſpark or ſhock would 
no more paſs through it, than through a ſtick 
of ſolid glaſs. He has alſo noted ſeveral cir- 
cumſtances chat affect this vacuum in a very 
extraordinary manner. But ſuppoſing that va- 
cuum to be perfect, I do not ſee how we can 
avoid inferring from the fact, that ſome /ub- 
Nance is neceſſary to conduct electricity; and 
that it is not capable, by its own expanſtve 
power, of extending itſelf into ſpaces void of 
all matter, as has generally been ſuppoſed, on 
the idea of there being e to obſtruct its 
paſſage, 


Indeed if this was the caſe, I do not ſee how 
the electric matter could be retained within the 
body of the earth, or any of the planets, or 
ſolid orbs of any kind. In nature we ſee it 
make the moſt ſplendid appearance in the up- 
per and thinner regions of the atmoſphere, juſt 
as it does in a glaſs tube nearly exhauſted ; but 
if it could expand itſelf beyond that degree of 
rarity, it would neceſſarily be diffuſed into the 
ſurrounding vacuum, and continue and be con- 
denſed there, at leaſt in a greater proportion 
than in or near any ſolid body, as Newton ſup- 
poſed * his ether, Mm 


If 
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If that mode of vibration which conſtitutes 
heat be the means of converting phlogiſton 
from that ſtate in which it makes a part of ſo- 
lid bodies, and eminently contributes to. the 
firmneſs of their texture, into that ſtate-in which 
it diminiſhes common air ; may not that pecu- 
liar kind of vibration by which Dr. Hartley 
fuppoſes the brain to be affected, and by which 
he endeavours to explain all the phenomena of 
ſenſation, ideas, and muſcular motion, be the 
means by which the Phlogiſton, which is con- 
veyed into the ſyſtem by nutriment, is con- 
verted into that form or modification of it of 
which the clans fluid conſiſts ? 


Theſe two ſtates of phlogiſton may be con- 
ceived to reſemble, i in ſome meaſure, the two 
ſtates of fixed air, viz. elaſtic, or non-elaſtic ; ; 
a ud or a fluid. 


THE 
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N this Appendix I ſhall preſent the reader 

with the communications of ſeveral of my 
friends on the ſubje& of the preceding work. 
Among them I ſhould with pleaſure have in- 
ſerted ſome curious experiments, made by Dr. 
Hulme of Halifax, on the air extracted from 
Buxton water, and on the impregnation af ſe- 
veral fluids, with different kinds of air; hut 
that he informs me he propoſes to make à ſe- 
parate publication on the ſubject. 1 


NUM- 
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NUMBER 2 


F 2 by Mr. Hey to cons that 
there is no OIL of ViTRIOL in water impreg- 
nated with FixeD Ain. 


It having been ſuggeſted, that air aribog f from a 
fermenting mixture of Chalk and oil of vitriol might 
carry up with it a ſmall portion of the vitriolic acid, 
rendered volatile by the act of fermentation ; I made 
the following experiments, in order to diſcover whether 
the acidulous taſte, which water impregnated with ſuch 
air affords, was ee . or 
Nat to NN fixed air it had abſorbed. ] 

nin 4319 rn 1 57Y 


„ Eaeareant 1. oF 


1 mixed a tea ſpobnful of ſyrup of violets with an 
ounce of diſtilled water, ſaturated with fixed air pro- 
cured from chalk by means of the vitriolic acid; but 
neither upon the firſt mixture, nor after Sanding 24 
hours, was the colour of the ſyrup at all changed, ex- 
cept by its ſimple dilution. 


ExrzxIMENT II. 


A portion of the ſame diſtilled water, unimpregnated 
with fixed air, was mixed with the ſyrup in the ſame 
proportion: not the leaſt difference in colour could be 
perceived betwixt this and the above-mentioned mix- 
ture. - 


Exrz- 
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ExrrRIMENT III. 


One drop of oil of vitriol being mixed with a pint 
of the ſame diſtilled water, an ounce of this water 
was mixed with a tea-ſpoonful of the ſyrup. This 
mixture was very diſtinguiſhable in colour from the 
two former, having a purpliſh caft, which the others 
wanted, | 


Exeeriment IV. = 

The diſtilled water impregnated with ſo ſmall a 
quantity of vitriolic acid, having a more agreeable 
taſte than when alone, and yet manifeſting the pre- 
ſence of an acid by means of the ſyrup. of violets ; I 
ſubjected it to ſome other teſts of acidity. It formed 
curds when agitated with ſoap, lathered with difficulty, 
and very imperfectly; but not the leaſt ebullition could 
be diſcovered upon dropping in ſpirit of ſal ammoniac, 
or ſolution of ſalt of tartar, though I had taken care to 
render the Jatter free from cauſticity by W 
it with fixed air. 


Expeximent V. Yor 20 
The diſtilled water ſaturated with fixed air neither 


efferveſced, nor ſhewed any — when mixed * | 


the fixed or volatile alkali. 


ExpaRIMENT VL 


No curd was formed by pouring this water upon 
an equal quantity of * and boiling them toge- 
ther. 


He” Exrz- 
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ExyzrimentT VII. 

When agitated with ſoap, this water produced 
curds, and lathered with ſome difficulty; but not ſo 
much as the diſtilled water mixed with vitriolic acid in 
the very ſmall proportion above-mentioned. The ſame 
diſtilled water, without any impregnation of fixed air, 
lathered with foap without the leaſt previous curdling. 
River-water, and a pleaſant pump-water not remark- 
ably hard, were compared with theſe. The former 
produced curds before it lathered, but not quite in fo 
great a quantity as the diſtilled water impregnated with 
fixed air: the latter cauſed a ſtronger curd than any of 

te others above-mentioned. | 


= Exrzzinzwr VIII. 


Apprehending that the fixed air in the diſtilled water 
occaſioned- the coagulation, or ſeparation of the oily 
part of the ſoap, only by deſtroying the cauſticity of 
the liæivium, and thereby rendering the union lefs per- 
feR betwixt that and the tallow, and not by the preſence 
of any acid; I impregnated a freſh quantity of the ſame 
diſtilled water with fixed air, which had paſſed through 
half a yard of a wide barometer-tube filled with ſalt of 
tartar ; but this water cauſed the ſame curdling with 
ſoap as the former had done, and appeared in 1 8 re- 
ſpect to be * the fame. : . 


— 6 Exp - 
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 ExpeERIMENT IX. 


Diſtilled water ſaturated with fixed air formed a white 
cloud and precipitation, upon being mixed with a ſolu- 
tion of ſacrharum ſaturni. I found likewiſe, that fixed air, 
after paſſing through the tube filled with alkaline alt, 
upon being let into a phial containing a ſolution of the 
metallic ſalt in diſtilled water, cauſed a perfect ſeparation 
of the lead, in the form of a white powder ; for the wa- 
ter, after this precipitation, ſhewed no cloudineſs upon 


- afreſh mixture of the ſubſtances which had before ren 


dered * 
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292 TI APPENDIE. 


NUMBER II. 
A Litter from Mr. Hy t Dr. PrresrTLEY, concerning 
"tht 1 of fixed Air applied by way of Hier. 


| | Leeds, Feb. 15th, 1792. 
Reverend Sir, ; ö fa 
Having lately experienced the good effects of fixed 
air in a putrid fever, applied in a manner, I believe 
not heretofore made uſe of, I thought it proper to in- 
form you of the agreeable event, as the method of 
applying this powerful corrector of putrefaQtion took 
its riſe principally from your obſervations and experi- 
ments on factitious air; and now, at your requeſt, 
I ſend the particulars of the caſe I mentioned to you, 
as far as concerns the adminiſtration of this re- 


medy. 


January 8, 1772, Mr. Lightbowne, a young gen- 
tleman who lives with me, was ſeized with a fever, 
which, after continuing about ten days, began to be 
attended with thoſe ſymptoms that indicate a putreſ- 
cent ſtate of the fluids. 


18th, His tongue was black in the morning when 

T firſt viſited him, but the blackneſs went off in the 
day-time upon drinking : He had begun to doze much 
the preceding day, and now he took little notice of 
thoſe that were about him: His belly was looſe, and 
had been ſo for fome days : his pulſe beat 110 ſtrokes 
in a minute, and was rather low: he was ordered to 
take twenty-five grains of Peruvian bark with five of 
tor- 


- + 
. . =— 
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tormentil-root in - powder every four hours, and to 
e Fg ER ne, pu ap | 


roth, 1 3 to viſit him was in the morn- 
ing, on account of a bleeding at the noſe which had 
come on: he loſt about eight ounces of blood, which 
was of a looſe- texture: the hæmorrhage was ſup- 
preſſed, though not without ſome difficulty, by 
means of tents made of ſoft lint, dipped in cold wa- 
ter ſtrongly impregnated with tincture of iron, which 
were introduced within the noſtrils quite through to 
their poſterior apertures; a method which has never 
yet failed me in like caſes. His tongue was now 
covered with a thick black pellicle, which was not di- 
miniſhed by drinking: his teeth were furred with the 
ſame kind of ſordid matter, and even the roof of his 
mouth and fauces were not free from it: his looſeneſs 
and ſtupor continued, and he was almoſt inceſſantly 
muttering to himſelf: he took this day a ſcruple of 
the Peruvian bark with ten grains of tormentil every 
two or three hours: a ftarch clyſter, containing a 
drachm of the compound powder of bole, without 
opium, was given morning and evening: a window 
was ſet open in his room, though it was a ſevere 
froſt, and the floor was was frequently ſprinkled with 


VInegare 


- 
# 


Loth, He continued nearly in the ſame ſtate : when 
rouſed from his dozing, he generally gave a ſenſible 
anſwer to the queſtions aſked him; but he immediate- 
17 relapſed, and repeated his muttering. His ſkin was 
dry, and harſh, but without petechie. He ſometimes 
voided his urine and faces into the bed, but generally 
had ſenſe enough to. aſk for the bed- pan: as he now 
cr 


nauſeated the bark in ſubſtance, it was exchanged for 
 Huxham's tincture, of which he took a table ſpoon» 
ful every two hours in a cup full of cold water : he 
drank ſometimes a little of the tincture of roſes,” but 
his common liquors were red wine and water, or rice- 
water and brandy acidulated wich elixir of vitriol : 
before drinking, he was commonly requeſted to rinſe 
kis mouth with water to which a little honey and vine- 
gar had been added. His loofeneſs rather increaſed, 
and the ſtools were watery, black, and fœtid: It was 
Judged neceſſary to moderate this ' diſcharge, which 
ſeemed to fink him, by mixing a drachm of the the- 
gang eee en cnet 


Atiſt, Ae lee eee Winne Gaby a 
. his ſtools were more fœtid; 
and fo hot, that the nurſe aſſured me ſhe could not ap- 
ply her hand to the bed-pan, immediately after they 
were diſcharged, without feeling pain on this account: 
33 * 


6. Refleling upon the diſagreeable neceffity we ſeemed 
0 lie under of confining this putrid matter in the in- 
2 leſt the evacuation ſhould deſtroy the vis vitæ 
re there was time to correct its bad quality, and 
overcome its bad effects, by the means we were uſing; 
1 conſidered, that, if this putrid ferment could be 
more immediately corrected, a ſtop would probably 
be put to the flux, which ſeemed to ariſe from, or at 
leaſt to be encreaſed by it; and the fames of the diſ- 
eaſe would likewiſe be in a great meaſure removed. 1 
thought nothing was ſo likely to effect this, as the in- 
traduction of. fixed air into. the alimentary canal, 
which, from the experiments of Dr. Macbride, and 
thoſe 
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thoſe you have made ſince his publication, appears to 
be the moſt powerful corrector of putrefaction hither- 
to known. I recollected what you had recommended 
to me as deſerving to be tried in putrid diſeaſes, I 
mean, the injection of this kind of air by way of clyſter, 
and judged that in nnn 

8 nn | Þ 


The next morning I ee my Wee to 
Dr. Hird and Dr. Crowther, who kindly attended 
this young gentleman at my requeſt, and propoſed 
the following method of treatment, which, with 
their approbation, was immediately entered upon: 
We firſt gave him five grains of ipecacuanha, to eva- 
cuate in the moſt eaſy manner patt of the putrid col- 
luvies : he was then allowed to drink freely of briſk: 
orange-wine, which contained a good deal of fixed 
air, yet had not loſt its ſweetneſs, The tincture of 
bark was continued as before; and the water which- 
he drank along with it, was impregnated. with fixed 
air from the atmoſphere of a large vat of fermenting 
wort, in the manner I had learned from you. Inſtead 
of the aſtringent elyſter, air alone was injected, col- 
lected from a fermenting mixture of chalk and oil of 
vitriol: he drank a bottle of orange- wine in the courſe. 
of this day, but refuſed any other liquor except wa- 

ter and his medicine : two bladders full of air were 
thrown up in = nom 5 


and His Roads: leſs frequent; their heat like- 
wiſe and peculiar fetor were conſiderably diminiſhed ;- 
his muttering was much abated, and the ſubſultus tendi- 
num had left him. Finding that part of the air was 
U 4 rejected 
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rejected when given with a bladder in the uſual way, I 
contrived a method of injecting it which was not ſo li- 
able to this inconvenience. I took the flexible tube of 
that inſtrument which is uſed for throwing up the fume 
of tobacco, and tied a ſmall bladder to the end of it 
that is connected with the box made for receiving the 
tobacco, which I had previouſly taken off from the 
tube: I then put ſome bits of chalk into a fix 
ounce-phial until it was half filled; upon theſe I 
poured ſuch a quantity of oil of vitriol as I thought 
capable of ſaturating the chalk, and immediately tied 
the bladder, which I had fixed to the tube, round the 
neck of the phial: the clyſter- pipe, which was faſ- 
tened to the other end of the tube, was introduced in- 
to the anus before the oil of vitriol was poured upon 
the chalk. By this method the air paſſed gradually 
into the inteſtines as it was generated; the rejection of 
it as in a great meaſure prevented; and the inconveni- 
„ eee 1 the ope- 
ration IRS 


Sn, that Wen Rene 
to be no neceſſity for repeating the clyſters: the other. 
means were continued, The window of a room was 
bee Sed * 


_— All the 8 of 3 had leſt 
him; his tongue and teeth were clean; there remained 


no 8 blackneſs or frœtor in his ſtools, which 
had now regained their proper conſiſtence; his dozing 
and muttering were gone off; and the diſagreeable 
odour of his breath and perſpiration was no longer 
1 He took nouriſhment to-day, with plea- 


ſure ; 
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ſure; and, in the afternoon, ſat up an hour in his 


Hlis fever, however, did not immediately leave him; 
but this we attributed to his having caught cold from 
being incaytiouſly uncovered, when the window was 
open, and the weather extremely ſevere; for a cough, 
which had troubled him in ſome degree from the be- 
ginning, increaſed, and he became likewiſe very hoarſe 
for ſeveral days, his pulſe, at the ſame time, growing 
quicker: but theſe complaints alſo went off, and he 
recovered, without any return of the bad een 
above - mentioned. | | 


I am, Reverend Sir, | 
Your e he Servant | 
| WI. Her. 


posmTScnIPpr.” 


October 29, 1772» 
Fevers of the putrid kind have been ſo rare in this 
town, and in its neighbourhood, fince the -commence- 
ment of the preſent year, that I have not had an op- 
portunity of trying again the effects of fixed air, given 
by way of clyſter, in any caſe exactly ſimilar to Mr. 
Lightbowne's. I have twice given water ſaturated with 
fixed air in a fever of the putreſcent kind, and it 
agreed very well with the patients. To one of them 
the aerial clyſters were adminiſtered, on account of a 
Are looſe- 
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looſeneſs, which attended the fever, though the ſtools 
were not black, nor remarkably hot or fcetid. ; 


Theſe clyſters did not remove the looſeneſs, though 
there was often a greater interval than uſual betwixt 
the evacuations, after” the injection of them. The 
patient never complained of any uneaſy diſtenſion of 
the belly from the air thrown up, which, indeed, is 
not to be wondered at, conſidering how readily this 

kind of air is abſorbed by aqueous and other fluids, for 
which ſufficient time was given, by the gradual man- 
ner af injecting it. Both thoſe patients recovered 
though the uſe of fixed air did not produce a criſis be- 
fore the period at which ſuch fevers uſually terminate, 
They had neither of them the opportunity of drinking 
ſuch wine as Mr. Lightbowne took, after the uſe of 
fixed air was entered upon ; and 'this, probably, was 
fore diladventage to them, 


I find he methods of procuring fixed air, and im- 
pregnating water with it, which you have publiſhed, 
are preferable to thoſe I made uſe of in Mr, Light. 
bane: $ . 


Tie fexible tube d d torveging the Gens of 
tobacco into the inteſtines, I find to be a very conve- 
nient inſtrument in this caſe; by the method before- 
mentioned {only adding water ta the chalk, before the 
oil of vitriol is inſtilled, as you direct) the injection 
of air may be continued at pleaſure, without any other 
inconvenience to the patient, than what may ariſe 
from his continuing in one poſition during the opera- 
. which ſcarcely deſerves to be n 

Xl rom 
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from the continuance of the clyſter- pipe within the 
anus, which is but trifling, if it be not ſhaken much, 
or puſhed againſt the rectum. | 


When I ſaid in my letter, that fixed air appeared to 
be the greateſt corrector of putrefaction hitherto known, 
your philoſophical reſearches had not then made- you 
acquainted with that moſt remarkably antiſeptic pro- 
perty of nitrous air. Since you fayoured me with a 
view of ſome aſtoniſhing proofs of this, I haye con- 
ceived hopes, that this kind of air may likewiſe be "Pr 


plied Ner- to great Aantnge. | 
W, H, 
by J. F 4 
\\% 1 
=_ > 
NUM. 
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N. UM BER III. 
Obſervations on the Mepicmat Uses of Fixer Am. 
_ By Tnomas Pzrcivat, M. D. Fellow of the 


Koval Soctzrv, and of the SOCIETY 7 ANTt- 
L Vis, in nen | 


Theſe Obſervations on "the Mzpicinar Uses or 
Fixtep Alx have been before publiſhed in the Se- 
cond Volume of my Eſſays ; but are here reprinted 
with conſiderable additions. They form a part of 
an experimental inquiry into this intereſting and 
curious branch of Phyſics ; in which the friendſhip 

of Dr. Prieſtley firſt engaged me, in concert with 
himſelf, | | 

Mancheſter, March 16, 1774- 


N a courſe of Experiments, which is yet unfiniſhed, 
1 I have had frequent opportunities of obſerving 
that FIXED AIR may in no inconſiderable quantity be 
- breathed without danger or uneaſineſs. And it is a 
confirmation of this concluſion, that at Bath, where 
the waters copiouſly exhale this mineral ſpirit *, the 

bathers inſpire it with impunity, At Buxton alſo, 
where the bath is in a cloſe vault, the effects of ſuch 
iN if noxious, muſt certainly be perceived, 


o See Dr. Falconer's very uſeful ny ingenious treatiſe on the Bath 
water, 24 edit. p. 313. 
Encou- 
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Encouraged by theſe conſiderations, and ſtill more 
by the teſtimony of a very judicious Phyſician at Staf- 
ford, in favour of this powerful antiſeptic remedy, I 
have adminiſtered fixed air in a conſiderable number of 
caſes of the PRTHISIs PULMONALIs, by directing my 
patients to inſpire the ſteams of an efferveſcing mixture 
of chalk and vinegar ; or what I have lately preferred, 
of vinegar and potaſh. The hectic fever has in ſeve- 
ral inſtances been conſiderably abated, and the matter 
expectorated has become leſs offenſive, and better di- 
geſted. I have not yet been ſo fortunate in any one 
caſe, as to effect a cure; although the uſe of me- 
phitic air has been accompanied with proper internal 
medicines. But Dr. Withering, the gentleman re- 
ferred to above, informs me, that he has been more 
ſucceſsful, One Phthiſical patient under his care has 
by a ſimilar courſe intirely recovered ; another was 
rendered much better; and a third, whoſe caſe was 
truly deplorable, ſeemed to be kept alive by it more 


than two months. It may be proper to obſerve that 


fixed air can only be employed with any proſpect of 
ſucceſs, in the latter ſtages of the phthiſis pulmonalis, 
when a purulent expectoration takes place. After the 


rupture and diſcharge of a Vomica alſo, ſuch a remedy 


promiſes to be a powerful palliative. Antiſeptic fumi«. 
gations and vapours have been long employed, and 


much extolled in caſes of this kind. I made the fol- 
lowing experiment, to determine whether their effi- 


cacy, r tan 
air from their ſubſtance. 


| One end of à bent tube was fixed in a phial full of 
lime- water; the other end in a bottle of the tincture of 
myrrh. 
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Obſernations on the MxpicwAL Usks of Fixen Am. 
By Trnomas Percival, M. D. Fellow of the 

Koval SocteTy, and of the SOCIETY f ANTI- 
Aus, in n | 


* 


Theſe Obſervations on the Mzpicmar Usrs or 
Fixep Alx have been before publiſhed in the Se- 
cond Volume of my Eſſays; but are here reprinted 
with conſiderable additions. They form a part of 
an experimental inquiry into this intereſting and 
curious branch of Phyſics; in which the friendſhip 

of Dr. Prieftley firſt engaged me, in concert with 
himſelf, * | 

Mancheſter, March 16, 1774- 


N a courſe of Experiments, which is yet unfiniſhed, 
[| I have had frequent opportunities of obſerving 
that FIXED AIR may in no inconſiderable quantity be 
- breathed without danger or uneaſineſs. And it is a 
confirmation of this concluſion, that at Bath, where 
the waters copiouſly exhale this mineral ſpirit “, the 

bathers inſpire it with impunity. At Buxton alſo, 

where the bath is in a cloſe vault, the effects of ſuch 
effluvia, if noxious, muſt certainly be perceived, 


* See Dr. Falconer's very uſeful and ingenious treatiſe on the Bath 
- water, 24 edit. p. 313. | 
Encou- 
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Encouraged by theſe conſiderations, and ſtill more 
by the teſtimony of a very judicious Phyſician at Staf- 
ford, in favour of this powerful antiſeptic remedy, I 
have adminiſtered fixed air in a conſiderable number of 
caſes of the PRTHISISs PULMONALI1s, by directing my 
patients to inſpire the ſteams of an efferveſcing mixture 
of chalk and vinegar ; or what I have lately preferred, 
of vinegar and potaſh. The hectic fever has in ſeve- 
ral inſtances been conſiderably abated, and the matter 
expectorated has become leſs offenſive, and better di- 
geſted. I have not yet been ſo fortunate in any one 
caſe, as to effect a cure; although the uſe of me- 
phitic air has been accompanied with proper internal 
medicines. But Dr. Withering, the gentleman re- 
ferred to above, informs me, that he has been more 
ſucceſsful, One Phthiſical patient under his care has 
by a ſimilar courſe intirely recovered; another was 
rendered much better; and a third, whoſe caſe was 
truly deplorable, ſeemed to be kept alive by it more 
than two months. It may be proper to obſerve that 
fixed air can only be employed with any proſpect of 
ſucceſs, in the latter ſtages of the phthi/is pulmonalis, 
when a purulent expectoration takes place. After the 
rupture and diſcharge of a Von alſo, ſuch a remedy 
promiſes to be a powerful palliative. Antiſeptic fumi«. 
gations and vapours have been long employed, and 
much extolled in caſes of this kind. I made the fol- 
lowing experiment, to determine whether their effi- 
 CaCy, F 
air from their ſubſtance. 


One end of a bent tube was fixed in a OW 
lime- water; the other end in a bottle of the tincture of 
myrrh. 
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myrrh. The junctures were carefully luted, and the 
phial containing the tincture of myrrh was placed in 


water, heated almoſt to the boiling-point, by the lamp 
of a tea-kettle. A number of air-bubbles were ſepa- 


rated, but probably not of the mephitic kind, for no 
precipitation enſued in the lime water. This experi- 
ment was repeated with the tin#7. folutanæ, ph. ed. and 
witch /p. vinos. camp. and the refult was entirely the 
fame. The medicinal action therefore of the vapours 
raiſed from ſuch tinctures, cannot be aſcribed to the 
extrication of fixed air; of which it is probable bo- 
dies are deprived by chemical ſolution as well as by 
mixture. | | 


If mephitic air be thus capable of correcting purulent 
matter in the lungs, we. may reaſonably infer it will 
be equally uſeful” when applied externally to foul uL- 
CERS. And experience confirms the concluſion, Even 
the ſanies of a CANCER, when the carrot poultice 
failed, has been ſweetened by it, the pain mitigated, 
and a better digeſtion produced. The caſes I. re- 
fer to are now in the Mancheſter infirmary, under the 
direction of my friend Mr. White, whoſe {kill as a 
ſurgeon, and abilities as a writer are well known to the 


Two months have elapſed ſince theſe obſeryations 
were written®, and the ſame remedy, during that period, 
has been aſſiduouſly applied, but without any further 
ſucceſs. The progreſs of the cancers ſeems to be 
checked by the fixed air ; but it is to be feared that a - 
7 dure will not be effected. A 22265 1 how- 


— 


© May, 1772 
2 ever, 
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ever, in a diſeaſe ſo deſperate and loathſome, may be 
conſidered as a very valuable acquiſition, Perhaps x- 
TROUS AIR might be {till more efficacious, This ſpe- 
cies of faCtitious air is obtained from all. the metals 
except Zinc, by means of the nitrous acid; and Dr. 
Prieſtley informs me, that as a ſweetener and antiſeptic 
it far ſurpaſſes fixed air. He put two mice into 4 quan- 
tity of it, one juſt killed, the other offenſively putrid. 
After twenty-five days they were both perſectly 
ſweet. þ 2181 


In the ULCBROUS SORE THROAT much advantage 
has been experienced from the vapours of efferveſcing 
mixtures drawn into the fauces . But this remedy 
ſhould not ſuperſede the uſe of other EO e- 


tions +. | > We 


A phyſician t who had a very painful apTHoUS 
VLCER at the point of his tongue, found great relief, 


when other remedies failed, from the application of 
fixed air to the part affected. He held his tongue over 
an efferveſcing mixture of potaſh and vinegar ; and as 


the pain was always mitigated, and generally removed 


by this vaporiſation, he repeated it, whenever the an- 
guith ariſing from the ulcer was more than uſually ſe- 
vere, He tried a combination of potaſh and oil of vi- 
triol well diluted with water; but this proved ſtimu» 


lant and increaſed his pain; probably owing to ſome 


* Vid. Mr, White's, uſeful treatiſe on the management of pregnant 
and lying-in women, p. 279. | 

+ See the author's obſervations on the efficacy of external . 
in che ulcerous ſore throats. Eſfays medical and nm. 


2d edit. p. 37). 
t The author of theſe obſervations, a 


particles 


| 
| 
. 
| 
5 
| 
1 
y 
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particles of the acid thrown upon the tongue, by the 
violence of the efferveſcence. For a paper ſtained 
with the purple juice of radiſhes, when held at an equal 
diſtance over two veſſels, the one containing potaſh 
and vinegar, the other the ſame alkali and Spiritus vi- 
trioli tenuis, was unchanged by the former, but was 
| "ſpotted with red, in various parts, by the latter. 


In MALIGNANT FEVERS wines abounding with 
fixed air may be adminiſtered,-to check the ſeptic fer- 
ment, and ſweeten the putrid colluvies in the prime vie. 
'Tf the laxative quality of ſuch liquors be thought an 
objection to the uſe of them, wines of a greater age 
may be given, impregnated with mephitic air, by a 
ſimple but ingenious contrivance of my friend DF. 


Prieftley . 


The patient's common drink might alfo be medi- 
cated in the ſame way. A puttid DIARRHOEA fre- 
quently occurs in the latter ſtage of ſuch diſorders, 
and it is a moſt alarming and dangerous ſymptom. If 
the diſcharge be ſtopped by aſtringents, a putrid fomes 
is retained in the body, which aggravates the delirium 
and increaſes the fever, On the contrary, if it be 
ſuffered to take its courſe, the ſtrength of the patient 
muſt ſoon be exhauſted, and death unavoidably enſue. 
The injection of mephitic air into the inteſtines, un- 
der theſe circumſtances, bids fair to be highly ſervice- 
able. And a caſe of this deplorable kind,. has lately 
A communicated to. me, in which the vapour of 


10 DireQtions for impregnating water with fixed air, in order to eo m- 
municate to it the peculiar ſpirit and virtues of Pyimont e and 
W | 4 


chalk 
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chalk and oil of vitriol conveyed into the body by 
the machine employed for tobacco clyſters, quickly re- 
ſtrained the diarrhea, corrected the heat and fœtor 
of the ſtools, and in two days removed every ſymp- 
tom of danger . Two ſimilar inftances of the ſa- 
lutary effects of mephitic air, thus adminiſtered, have 
occurred alſo in my own practice, the hiſtory of which 
I ſhall briefly lay before the reader. May we not 
preſume that the ſame remedy would be equally uſeful 
in the DyszNnTeRY ? The experiment is at leaſt worthy 
of trial. 


Mr. W—=—, aged forty-four years, corpulent, in- 
active, with a ſhort neck, and addicted to habits of 
intemperance, was attacked on the 7th of July 1772, 
with ſymptoms which ſeemed to threaten an apoplexy. 
On the 8th, a bilious looſeneſs ſucceeded, with a 
profuſe hæmorrhage from the noſe. On the gth, I 
was called to his aſſiſtance. His countenance was 
bloated, .his eyes heavy, his ſkin hot, and his pulſe 
hard, full, and oppreſſed. The diarrhea continued ; 
his ſtools were bilious and very offenſive ; and he 
complained of griping pains in his bowels. He had 
loſt, before I ſaw him, by the direction of Mr, Hall, 
a ſurgeon of eminence in Mancheſter, eight ounces 
of blood from the arm, which was of a lax tex- 
ture; and he had taken a ſaline mixture every ſixth ' 
hour. The following draught was. preſcribed, and a 
doſe of rhubarb directed to be adminiſtered at night. 


. Referring to the caſe communicated by Mr, Hey. = 


i, 


X 


R 44. 
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R Ag. Cinnam, ten zj. 
Succ. Limon. recent. 5 6. 


Salis Nirri gr. xij. Sr. # Succo Limon. Zj. M. fr Her 
4tis horis ſumendus. 


July 11. The Diarrhea was more moderate; his 
griping pains were abated ; and he had leſs I and 
dejection in his countenance. Pulſe go, not fo hard or 
oppreſſed. As his ſtools continued to be fœtid, the doſe 
of rhubarb was repeated; and inſtead of "242K ein- 
namon water, his draughts were prepared with an in- 
fuſion of columbo root. 


12. Thi Diarrhea Gonethinld ; nis Noots were in- 
voluntary; and he diſcharged in "this way a quantity 
of black, grumous, and fœtid blood. Pulſe hard and 
quick ; ſkin hot; tongue covered with a dark fur; 
abdomen ſwelled; great ſtupor. Ten grains of co- 
lumbo root, and Afteen of the Gummi rubrim aftrin- 

ens were added to each draught. Fixed air, under 
60 form of clyſters, was injected every ſecond or 
third hour; and directions were given to ſupply. the 
patient plentifully with water, artificially impregnated | 


with mephitic air, A bates was alſo laid between his 
ſhoulders, | 


13. The Diarrhoza continued, with frequent diſ- 
charges of blood ; but the ſtools had now loſt their 
foetor. Pulſe 1103 great flatulence in the bowels, 
and fulneſs in the belly. The clyſters of fixed air 
always diminiſhed the tenſion of the Abdomen, abated 
flatulence, and made the patient more eaſy and com- 
poſed for ſome time akter their injection. They were 

directed 
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directed to be continued, together with the medicated 
water. The nitre was omitted, and a ſcruple of the 
Confect. Damocratis was given every fourth hour, in an 
infuljog of columba root. 


14. The 6 was now checked. His other 
ſymptoms continued as before. Bliſters were applied 
to the arms; and a drachm and a half of the Tinctura 
, was added to each draught. | 


15. His pulſe was feeble, quicker, and more irre- 
gular, He doſed much ; talked incoherently ; and la- 
boured under a ſlight degree of Dyſpnæa. His urine, 
which had hitherto aſſumed no remarkable appearance, 
now became pale. Though he diſcharged wind very 
freely, his belly was much ſwelled, except for a ſhort 
time after the injection of the air-clyſters. The fol- 
Ney draughts were then n 


R Camphoræ mucilag. G. Arab. ſolute gr. viij. 
Infuſ. Rad. Columbo F jſs Tinct. Serpent. Zij. 
Confect. Card. Dj Syr. ? Cort. Aurant 31. m. f. Hauſt, 
4tis horis ſumendus 


Directions were given to Pin his feet frequently 
with vinegar and warm water, 


16. He has had no tools ſince the 14th. His Abdo- 
men is tenſe. No change in the other ſymptoms. 
The Tin#. Serpent. was omitted in his draughts, and 
an 1 quantity of T in#, Rhei Sp. ſubſtituted in its 
place, ü 


X 2 Ig 
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Tn the evening he had a motion to ſtool, of which 
he was for the firſt time ſo ſenſible; as to give notice to 
his attendants. But the diſcharge, which was con- 
ſiderable, and lightly offenſive, conſiſted almoſt en- 


tirely of blood, both in a coagulated and in a liquid ſtate. 
His medicines were therefore varied as follows : 


N Decoft. Cort. Peruv. 3 iſs Tind. Cort. ejuſd. 3ij. 
Confect. Card. Bj. Gum. Rubr. Aftring. gr. xv. 
Pulv. Alumin. gr. vij. m. f. Hauſtus Ati: horis 

1 | 


- Red Port wine was now given him more freely in his 
medicated water ; and his nouriſhment confiſted of ſago 
and ſalep. 


In this ſtate, with very little variation, he continued 
for ſeveral days; at one time coſtive, and at another 
diſcharging ſmall quantities of feces, mixed with gru- 
mous blood. The air-clyfters were continued, and the 
aſtringents omitted. 


20, His urine was now of an amber-colour, and de- 
poſited a flight ſediment. His pulſe was more regular, 
and although ſtill very quick, abated in number ten 
ſtrokes in a minute. His head was leſs confuſed, and 
his ſleep ſeemed to be refreſhing. No blood appeared 
in his ſtools, which were frequent, but ſmall in quan- 
tity ; and his Abdomen was leſs tenſe than uſual. He 
was extremely deaf; but gave rational anſwers to the 
few queſtions which were propoſed to him; and ſaid he 
felt no pain. g 


21. He 
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21. He paſſed a very reſtleſs night; his delirium re- 
curred; his pulſe beat 125 ſtrokes in a minute; his 
urine 1 of a deep amber colour when firſt voided' ; but 
when cold aſſumed the appearance of cow's whey. 
The Abdomen was not very tenſe, nor had he he fur- 
ther diſcharge of blood. | 


Directions were given to ſhave his wad} and to waſh 
it with a mixture of Vinegar and brandy; the quantity 
of wine in his drink was diminiſhed ; and the frequent 
| uſe of the pediluvium was enjoined. The air-clyſters 
were diſcontinued, as his- ſtools were not n and 
his Abdomen leſs diſtended. 


22. His pulſe was now ſmall, irregular, and beat 
130 ſtrokes in a minute. The Dyſpnæa was greatly 
increaſed ; his ſkin was hot, and bedewed with a 
clammy moiſture ; and every ſymptom. ſeemed to in- 
dicate the approach of death. In this ſtate he continued 
till evening, when he recruited a little. The next 
day he had ſeveral light convulſions. His urine, which 
was voided plentifully, ſtill put on the appearance of 
whey when cold. . Cordial and antiſpaſmodic draughts, 
compoſed of camphor, tincture of caſtor, and Sp. vol. 
aromat. were now directed; and wine was liberally ad- 


miniſtered. 


24. He roſe from his bed, and by the aſſiſtance of 
his attendants walked acroſs the chamber. Soon after 
he was ſeized with a violent convulſion, in which he 


expired, 


To adduce a caſe which terminated fatally as 2A 
proof of the efficacy of any medicine, recommended 
X 3 | to 
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to the attention of the public, may perhaps appear 
ſingular; but cannot be deemed abſurd, when that 
| remedy anſwered the purpoſes for, which it was in- 

tended, For in the inſtance. before us, fixed air was 
employed, not with an expectation that it would cure 
the feyer, but to obviate the ſymptoms of putrefaction, 
and to allay the uneaſy irritation in the bowels. The 
diſeaſe was top malignant, the nervous ſyſtem too vio- 
lently affected, and the ſtrength of the patient too 
much exhauſted by the diſcharges of blood which he 
ſuffered, to afford hopes of, recovery from the uſe of 
the moſt powerful antiſeptics,/,.', 8 


But in the ſueceeding caſe the event proved more 
fortunate. if R 5 or 


Elizabeth Grundy, aged ſeventeen, Was attacked 
on the 10th of December 1772, with the uſual ſymp- 
toms of à continued fever. The common method of 
cure was purſued; but the diſeaſe increaſed, and ſoon 
aſſumed a putrid type. I 


On the 23d I found her in a conſtant delirium, with 
a ſubſultus tendinum. Her ſkin was hot and dry, her 
tongue black, her thirſt immoderate, and her ſtools 
frequent, extremely offenſive, and for the moſt part 
involuntary. Her pulſe beat 130 ſtrokes in a minute; 
ſhe doſed much; and was very deaf, I directed wine 
to be adminiſtered freely; a bliſter to be applied ta 
her back; the pediluvium to be uſed ſeveral times in 
the day; and mephitic air to be injected under the 
form of a clyſter every two hours. The next day 
her ſtools were leſs frequent, had loſt their fœtor, 


and were no longer diſcharged involuntarily ; her 
pulſe 
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pulſe was reduced to 110 ſtrokes in the minute; and 
her delirium was much abated. Directions were given 
to repeat the clyſters, and to ſupply the patient libe- 
rally with wine. Theſe means were aſſiduouſſy pur- 
ſued ſeveral days; and the young woman was ſo re- 
cruited by the 28th, that the injeQtions were diſcon- 
tinued. She was now quite rational, and not averſe 
to medicine. A decoction of Peruvian bark was 
therefore preſcribed, by the uſe of which ſhe ſpeedily 
recovered her health. 


1 émight add a third hiſtory of a putrid diſeaſe, in 
which the mephitic air is now under trial, and which 
affords the ſtrongeſt proof both of the antiſeptic, and 
of the tonic powers of this remedy ; but as the iſſue 
of the caſe remains yet undetermined (though it is 
highly probable, alas! that it will be fatal) I ſhall 
relate only a few particulars of it. Maſter D. a boy 
of about twelve years of age, endowed with an un- 
common capacity, and with the moſt amiable diſpo- 
ſition, has laboured many months under a hectic 
fever, the conſequence of ſeveral tumours in different 
parts of his body. Two of theſe tumours were laid 
open by Mr. White, and a Jarge quantity of purulent 
matter was diſcharged from them. The wounds were 
very properly treated by this ſxilful ſurgeon, and every 
ſuitable remedy, which my beſt judgment could ſug- 
geſt, was affiduouſly adminiſtered. But the matter 
became ſanious, of a brown colour, and highly putrid. 
A Diarrhea ſucceeded ; the patient's ſtools were into- 
lerably offenſive, and voided without his knowledge. 
A black fur collected about his teeth; his tongue was 
covered * Aphithe ; and his breath was ſo fcetid, as 
X 4 ſcarcely 
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ſcarcely to be endured. His ſtrength was almoſt ex- 
hauſted ; a ſubſultus tendinum came on; and the final 
period of his ſufferings ſeemed to be rapidly approach- 
ing. As a laſt, but almoſt hopeleſs, effort, I adviſed 
the injection of clyſters of mephitic air. Theſe ſoon 
_ corrected the fœtor of the patient's ſtools ; reſtrained 
his Diarrhea ; and ſeemed to recruit his ſtrength and 
ſpirits. Within the ſpace of twenty-four hours his 
wounds aſſumed a more favourable appearance; the 
matter diſcharged from them became of a better colour 
and conſiſtence; and was no longer fo offenſive to the 
ſmell. The uſe of this remedy has been continued 
ſeveral days, but is now laid aſide. A large tumour 
is ſuddenly formed under the right ear; ſwallowing is 
rendered difficult and painful ; and the patient refuſes 
all food and medicine, Nouriſhing clyſters are di- 
rected; but it is to be feared that theſe will renew the 
looſeneſs, and that this amiable youth will quickly ſink 
under his diſorder . | 


The uſe of wort, from its ſaccharine quality, and 
diſpoſition to ferment, has lately been propoſed as a 
remedy for the SEA Scux vv. Water or other liquors, 
already abounding with fixed air in a ſeparate ſtate, 
ſhould ſeem to be better adapted to this purpoſe ; as they 
will more quickly correct the putrid diſpoſition of the 
fluids, and at the ſame time, by their gentle ſtimulus +, 
increaſe the powers of digeſtion, and give new ftrength 


to the whole ſyſtem, 


Ie languiſhed about a week, and then died. 


+ The vegetables which are moſt efficacious in the cure of the 
frupvy, poſſeſs ſome degree of 3 SITS . p 


Dr * 
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Dr. Prieſtley, who ſuggeſted both the idea and the 
means of executing it, has, under the ſanction of the 
College of Phyſicians, propoſed the ſcheme to the 
Lords of the Admiralty, who have ordered trial to be 
made of it, on board ſome of his Majeſty's (ſhips, 
of war. Might it not however give additional effi- 
cacy to this remedy, if inſtead of {imple water, the 
infuſion Aen. to * e Ne 210m 


4 


I am perſuaded fuch/ a medicinal drink: 5 be 
preſcribed alſo with great advantage in 8CROPHULOUS. 
COMPLAINTS, when not attended with a hectic fever; 
and in other diſorders in which a general acrimony 
prevails, and the crafis of the blood is deſtroyed. 
Under ſuch circumſtances, I have ſeen vibices which 


ſpread over the body, diſappear in a few E from 
the uſe of wort. 


A kv wig 3 is ſubje& to to a ſcorbutic eruption 
in his face, for which he has uſed a variety of re- 
medies with no very beneficial effect, has lately applied 
the fumes of chalk and oil of vitriol to the parts affect- 
ed. The operation occaſions great itching and prick- 
ing in the ſkin, and ſome degree of drowſineſs, but 
evidently abates the ſerous diſcharge, and diminiſhes 
the eruption. This patient has ſeveral ſymptoms 
which indicate a genuine ſcorbutic Di1aTHEss ; and 
it is probable that fixed air, taken internally, would 
be an uſeful medicine i in this caſe, "2:98 


The faline draughts of Riverius are ſuppoſed to 
owe their antiemetic effects to the air, which 1 
ted from the ſalt of wormwood during the act of e 


veſcence. And the tonic powers of many mineral 
l Waters 


5 


* 
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waters ſeem to depend on this principle. I was. late- 
ly defired to viſit a lady who had moſt ſevere convul- 
five REACHINGs. Various remedies had been adminiſ- 
tered without effect, before I ſaw her. Sbe earneſtly 
defired a draught of malt liquor, and was indulged 
with half a pint of Burton beer in. briſk efferveſcence. 
The. vomitings ceaſed immediately, and returned no 
more. Fermenting liquors, it is well known, abound 
with fixed air. To this, and to the cordial quality of 
the beer, the favourable effect which it produced, may 
juſtly be aſcribed. But I ſhall exceed my deſign by 
enlarging further on this ſubjeQ. What _ been ad- 


- vaneed, it is hoped, will ſuffice to excite the attention of 


phyſicians to a remedy which is capable of being applied 
yr vv aca n e. ö 
N VU M B E R IV. 


Patras of a Letter or from WII zA FAL= 
CONER, M | D. of BATH. | 


Jan. 6, 1774. 
Reverend Sir, 

. T-once obſerved the ſame taſte you mention (Philoſo- 
phical Tranſactions, p. 156. of this . 35.) 
viz. like tar water, in ſome water that 1 - impregnated 
with fixed air about three years ago. I did not then 
know to what to attribute it, but your experiment 


ſeems to clear it up. I happened to have ſpent all my 


acid for raiſing efferveſcence, and to ſupply its place 1 
uſed a bottle of dulcified ſpirit of nitre, which I 
knew was greatly under-faturated with ſpirit of wine; 


from 
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from which, as analogous to your obſervation, Im- 
gine the effect proceeded.  - © Ke 


As „ to the coagulation of the blood of *iinlals 
by fixed Air, T fear it will ſcarce tand the teft of 
experiment, as I this day gave it, I think, a fair 
trial, in the following manner : | 


N A young hear man, at 20 855 old, received 2 
contuſion by a fall, was inſtantly carried to a neigh- 
bouring ſurgeon, and, at * requeſt, bled in the 
following manner : | | 

I inſerted a glaſs funnel into the neck of a large 
clear phial about 5x. contents, and bled him into it to 


about Z viii. By theſe. means the blood was expoſed to 
the air as little a time as poſſible, as. it flowed into 


the bottle as it came from the orifice. 


As ſoon as the — cunt 
bottle was carefully corked, and brought ta me. It 
was then quite fluid, nor was there the leaſt ſepara- 


tion of 1 its — - 


On the ſurface of this T conveyed ſeveral finds of 
fixed air (having firſt placed the bottle with the blood 
in a bowl of water, heated as nearly to the human 
heat as poſſible) from the mixture of the vitriolic acid 
and lixiv. tartar, which I uſe preferaby to other alka- 


* This refers to an eds Loa 
theſe papers in the Philoſophical Tranſactions, but omitted in this vo- 


lu me, 


lines, 
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lines, as being (as Dr. Cullen obſerves) in the mildeſt 
ſtate, and therefore moſt likely to generate moſt air. 


I ſhook the phial often, and threw many ſtreams of 
air on the blood, as I have often practiſed with ſucceſs 
for impregnating water ; but could not perceive the 
ſmalleſt ſigns of coagulation, although it ſtood in an 

atmoſphere of fixed air 20 minutes or more. I then 
uncorked the bottle, and poured off about zii. to 
which I added about 6 or 7 gtts of ſpirit of vitriol, which 
coagulated it immediately. I ſet the remainder in a 
cold place and it coagulated, as near as J could judge, 
in the ſame time that blood would have done newly 
drawn from the vein. 


P. 82. Perhaps the circumſtance of putrid vege- 
tables yielding all fixed and no inflammable air may 
be the cauſes of their proving ſo antiſeptic, even when 
putrid, as appears by Mr. Alexander's Experiments. 


P. 86. Perhaps the putrid air continually exhaled 
may be one cauſe of the luxuriancy of plants growing 
on dunghills or in very rich ſoils. 


P. 146. Your obſervation that inflammable air con- 
fiſts of the union of ſome. acid vapour with phlogiſton, 
puts me in mind of an old obſervation of Dr. Cullen, 
that the oil ſeparated from ſoap by an acid was much 
more - inflammable than before, reſembling eſſential 

oil, and ſoluble in V. ſp. 


I have tried fixed air as an antiſeptic, taken in by 


; reſpiration, but with no great ſucceſs. In one caſe it 
ſeemed to be of ſervice, in two it ſeemed indifferent, 


and i in one was injurious, by exciting a cough. 
| N U M- 
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NUMBER V. 


Extract of a Letter from Mr. WILLIAM BEwIxV, 
of GREAT MASSINGHAM, NORFOLK, 


March 23, 1774. 
Dear Sir, | 
When I firſt received your paper, I happened to 
have a proceſs going on for the preparation of nitrous 
ether, without diſtillation®*. I had heretofore always 
taken for granted that the elaſtic fluid generated in that 
preparation was fixed air: but on examination I found 
this combination of the nitrous acid with inflammable 
ſpirits, produced an elaſtic fluid that had the ſame ge- 
neral properties with the air that you unwillingly, 
though very properly, in my opinion, term nitrous ; 
as I believe it is not to be procured without employ- 
ing the nitrous acid, either in a ſimple ftate, or com- 
pounded, as in aqua regia. I ſhall ſuggeſt, however, 
by and by ſome doubts with reſpect to it's title to the 
appellation of air. xo 


Water impregnated with your nitrous air certainly, 
as you ſuſpected from it's taſte, contains the nitrous 


| 

The firſt account of this curious proceſs waz, I believe, given in the 
Mem, de I Ac, de Sc. de Paris for 1742. Though ſeemingly leſs volatile 
than the vitriolic ether, it boils with a much ſmaller degree of heat. One 
day laſt ſummer, it boiled in the cooleſt room of my houſe ; as it ge me 
notice by the exploſion attending its driving out the cork, to ſave the 
bottle, and to prevent the total loſs of the liquor by evaporation, I found 
myſelf obliged inſtantly to carry it down to my cellar, 
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acid. On ſaturating a quantity of this water with a 
fixed alcali, and then evaporating, &c, I have pro- 
cured two chryſtals of nitre. But the principal ob- 
ſervations that have occurred to me on the ſubject of 
nitrous air are the following. My experiments have 
been few and made by ſnatches, under every diſadvan- 
tage as to apparatus, &c. and with frequent interrup- 
tions; and yet I think they are to be depended upon. 


My firſt remark is, that nitrous air does not give 
water a ſenſibly acid impregnation, unleſs it comes in- 
to contact, or is mixed with a portion of common or 
atmoſpherical air: and my ſecond, that nitrous air 
principally conſiſts of the nitrous acid itſelf, reduced 
to the ſtate of a permanent vapour not condenſable by 
cold, like other vapours, but which requires the pre- 
ſence and admixture of common air to reſtore it to its 
primitive ſtate of a liquid. .T am beholden for this 
idea, you will perceive, to your own very curious 
diſcovery of the true nature of Mr, Cavendiſh's marine 


Vapour. 


When I firſt repeated your experiment of impreg- 
nating water with nitrous air, the water, I muſt own, 
taſted acid; as it did in one, or perhaps two trials 
afterwards ; but, to my great aſtoniſhment, in all the 
following experiments, though ſome part of the facti- 
tious air, or vapour, was viſibly abſorbed by the wa- 
ter, I could not perceive the latter to, have acquired 
any ſenſible acidity, I at length found, however, that 
1 could render this ſame water very acid, by means 
only af the nitrous air already included in the phial 
with it. Taking the — 9 phial out of the water, 
* ts mouth of it, to admit a 

little 


** 
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little of the common air, and - inſtantly replace my 
finger. The redneſs, efferveſcence, and diminution 
take place. Again taking off my finger, and inſtantly 
replacing it, more common air ruſhes in, and the 
fame phenomena recur. The proceſs ſometimes re- 
quires to be ſeven or eight times repeated, before the 
whole of the nitrous vapour (as I ſhall venture to call 
it) is condenſed into nitrous acid, by the ſucceſſive 
entrance of freſh parcels of common air after each ef 
ferveſcence; and the water becomes evidently more 
and tnore acid after every ſuch freſh admiſſion of the 
external air, which at length ceaſes to enter, when 
the whole of the vapour has been condenſed. No agi- 
tation of the water is requiſite, except a gentle mo- 
tion, 3j juſt ſufficient to rinſe the ſides of the phial, in 
order 15 waſh off the condenſed vapour. - Me 


The acidity which you (and 1 likewiſe, at firſt) 
obſerved in the water agitated with nitrous air alone, 
I account for thus: On bringing the phial to the 
mouth, the common air meeting with the nitrous 


vapour in the neck of the phial, condenſes it, and 


impregnates the water with the acid, in the very a& 
of receiving it upon the tongue. On ſtopping the 
mouth of the phial with my tongue for a ſhort time 
and afterwards withdrawing it a very little, to ſuffer 
the common air to ruſh paſt it into the phial, the ſen- 
| ſation of acidity has been ſometimes intolerable : but 
taking a large gulp of the water at the ſame time, it 
been found very {lightly acid,—The following is 

one of the methods by which I have given water a 
very ſtrong acid impregnation, by means of a mixture of 
nitrous and common air. 


- * 


10 | Into 


4 


„Inte a ſmall phial, containing only common air, 
J force a quantity of nitrous air at random, out of 
a bladder, and inſtantly clap my finger on the mouth 
of the bottle. I then immerſe the neck of it into 
water, à ſmall quantity of which I ſuffer to enter, 
which ſquirts into it with violence; and immediately 
replacing my finger, remove the phial. The water 
contained in it is already very acid, and it becomes 
more and more ſo (if a ſufficient quantity of nitrous 
air was at firſt thrown in) on alternately ſtopping the 
mouth of the phial, and opening it, as often as freſh air 
nary enter. PIERS. | 


* I wrote the "Ben I have W con- 
verted a ſmall portion of water in an ounce phial into 
a weak "Aqua fartis, by repeated mixtures of common 
and nitrous air; throwing in alternately the one or 
the. other, according, to the circumſtances; that is, 
as long as there was a ſuperabundance of nitrous air, 
ſuffering the common air to enter and condenſe it; 
and, when that was effected, forcing in more -pjerous 
air from the bladder, to the common air which now 
E: predominated in the phial—and ſo alternately. I have 
wanted leiſure, and conveniencies, to carry on this 
proceſs to its maximum, or to execute it in a different 
and better manner; but from what I have done, I 
think we may conclude that nitrous air conſiſts prin- 
cipally of the nitrous acid, phlogiſticated, or other- 
' wiſe ſo modified, by a previous commenſtruation with 
metals, inflammable ſpirits, &c. as to be reduced into 
a durably elaſtic vapour: and that, in order to deprive 
It of its elaſticity, and reſtore it to its former ſtate, ah. 
addition of common air is requiſite, and, as I ſuſpect, 


of water likewiſe, or ſome other fluid: as in the 
courſe 


C3 aL 
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courſe of my few trials, I have not yet been able to 
condenſe it in a perfectly dry bottle. 


NUMBER VI. 


= 


A Letter from Dr. FRANKLING 


Craven Street, April 10, 1774. 
Dear Sir, 

In compliance with your requeſt, I have endeas 
voured to recollect the circumſtances of the American 
experiments I formerly mentioned to you, of raifing a 
flame on the ſurface of ſome watets there, 


When I paſſed througli New Jerſey in 1764, I heard 


it ſeveral times mentioned, that by applying a lighted 


candle neat the ſurface of ſome of their rivers, a ſud- 
den flame would catch and ſpread on the water, con- 
tinuing to burn for near half a minute. But the ac- 
counts I received were ſo imperfect that I could form 
no gueſs at the cauſe of ſuch an effect, and rather 
doubted the truth of it. I had no opportunity of ſee- 
ing the experiment; but calling to ſee a friend who 
happened to be juſt returned home from making it him- 
ſelf, I learned from him the manner of it; which was 
to chooſe a ſhallow place, where the bottom could be 
reached by a walking- ſtick, and was muddy; the mud 
was firſt to be ſtirred with the ſtick, and when a num- 


ber of ſmall bubbles began to atiſe from it, the candle 


was applied. The flame was ſo ſudden and ſo ſtrong, 


that it catched his ruffle and ſpoiled it, as I aw. New= 
Y Jierſey 
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Jerſey having many pine trees in different parts of it, 
I then imagined that ſomething like a volatile oil of 
turpentine might be mixed with the waters gn a 
pine- ſwamp, but this ſuppoſition did not quite fatisfy 
me. I mentioned the fact to ſome philoſophical friends 
on my return to England, but it was not much at- 
tended to, I ſuppoſe I was thought a little too cre- 
dulous. 


In 1765, the Reverend Dr. Chandler received a 
letter from Dr. Finley, Prefident of the College in 
that province, relating the ſame experiment. It was 
read at the Royal Society, Nov. 21 of that year, but 
not printed in the Tranſactions; perhaps becauſe it 
was thought too ſtrange to be true, and ſome ridicule 
might be apprehended if any member ſhould attempt 
to repeat it in order to aſcertain or refute it. The 
following is a copy of that account, 


& A worthy gentleman, who lives at a few miles 
diſtance, informed me that in a certain ſmall cove of 
2a mill-pond, near his houſe, he was ſurprized to ſee 
the ſurface of the water blaze like inflamed ſpirits. 
I ſoon after went to the place, and made the expe- 
riment with the ſame ſucceſs. The bottom of the 
creek was muddy, and when ſtirred up, ſo as to cauſe 
a conſiderable curl on the ſurface, and a lighted candle 
held within two or three inches of it, the whole ſur- 
face was in a blaze, as inſtantly as the vapour of warm 
inflammable ſpirits, and continued, when ſtrongly 
agitated, for the ſpace of ſeveral ſeconds. It was at 


frirſt imagined to be peculiar to that place; but upon 


trial it was ſoon found, that ſuch a bottom in other 
places exhibited the ſame phenomenon, The diſco- 
very 


TAE APPENDIX. 323 
very was accidentally made by one belonging to the 
mill.” | 


I have tried the experiment twice here in England, 
but without ſucceſs. The firſt was in a low running 
water with a muddy bottom. The ſecond in a ſtag- 
nant water at the bottom of a deep ditch. Being ſome- 
time employed in ſtirring this water, I aſcribed an in- 
termitting fever, which ſeized me a few days after, to 
my breathing too much of that foul air which I ſtirred 
up from the bottom, and which I could not avoid 
while I ſtooped in endeavouring to kindle it. The 
diſcoveries you have lately made of the manner in 
which inflammable air is in ſome caſes produced, may 
throw light on this experiment, and explain its ſuc- 
ceeding in ſome caſes, and not in others. With the 


higheſt eſteem and reſpect, 
I am, Dear Sir, 
Your moſt obedierit kumble rein, 


B. FRANKLIN. 


NUMBER VII. 
Extradt of a Letter from Mr. Hxxn v of Mancheſter. 


It is with great pleaſure I hear of your intended 
publication on air, and I beg leave to communicate to 
you an experiment or two which I lately made, 


— 


— 


Dr. Percival had tried, without effect; to diſſolye | 
lead in water impregnated with fixed air. I however 
2% - thought 
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thought it probable, that the experiment might ſucceed 
with nitrous air. Into a quantity of water impregnated 
with it, I put ſeveral pieces of ſheet-lead, and ſuffered 
them, after agitation, to continue immerſed about two 
hours. A fe drops of vol. tincture of ſulphur changed the 
water to a deep orange colour, but not ſo deep as when the 
fame tincture was added to a glaſs of the ſame water, into 
_ which one drop of a ſolution of ſugar of lead had been in- 
ſtilled. The precipitates of both in the morning, were ex- 
actly of the fame kind; and the water in which the lead had 
been infuſed all night, being again tried by the ſame teſt, 

ve ſigns of a till ſtronger faturnine impregnation, — 

hether the nitrous air acts as an acid on the lead, or in 
the ſame manner that fixed air diſſolves iron, I do not pre- 
tend to determine, Syrup of violets added to the nitrous 
water became of a pale red, but on ſtanding about an hour, 
grew of a turbid _ caſt, 


Though the altrous acid is not often found, except 
produced by art, yet as there is a probability that 
nitre may be formed in the earth in large towns, and 
indeed foſſile nitre has been actually found in ſuch 
ſituations, it ſhould be an additional caution againſt 
the uſe of leaden pumps. 


I tried to diſſolve mercury by the ſame means, but 
without ſucceſs. | 


I am, with the moſt ſincere eſteem, 
Dear Sir, ; | 
Your obliged and obedient ſervant 
TRHO. HENRy. 
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